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PREFACE TO THE SIXTH EDITIOX 


K the preparation of the sixth edition of this book. 1 ha\ e missed 
more than I can express in words the advice and assistance of the 
co-author, Dr Howard Riiggles whose untimeK death occurred 
December 29, 1939 

The subject matter has been reviewed and brought up-to-date, 
several illustrations have been replaced and some new ones have 
been addetl Recent important advances in roentgen diagnosis 
have been described and illustrated No attempt has been made 
to change the general character of the book, nor to cov er eompletelj 
the entire subject The references at the end of each chapter hav e 
been selected to give additional mformation when required, for this 
reason thev are for the most part in the English language and are 
available in anv standard medical librao 
The following advice to students in roentgen diagnosis was given 
b) Dr rrancis \\i)liams of Boston manv ^ears ago and is, I think, 
wortlij of repetition 

“In making examinations with this new method, as with the 
older ones, the three following stages should be kept distinctl> and 
separatelj m mind First, attention should be given to observing 
carefullj the appearances which present Ihemselv es, second, a care* 
ful record should be made of these appearances in some simple and 
direct way which shall be a record of facts, not of opinions, third, 
the observ ations made should be w ell considered bv themseh es and 
in connection with information furnished from other sources, the 
evidence from each source beiug given just, but not exclusive, con- 
sideration before making the diagnosis ” 

The author wishes to acknowledge the help which has been freelj 
given m the preparation of this edition b^ his associates Dr A O 
Hampton, Dr J U Linglej, and Dr R Schatzki, and to thank 
the Trustees of the Massachusetts General Hospital for the priv ilege 
of publishing material from their files 

G H 


Bostov, Massvchcsetts 
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PBEPACE TO THE FIRST EDITION. 


It is hoped that this book will pro\c of practical aid to those in 
search of a working knowledge of roentgen interpretation The 
intention has been to present the essentials in a comprehensi\e form 
More detailed information ma\ be secured through the references 
to the recent literature, which will be found at the end of the 
chapters 

The illustrations ha\e been chosen as tvpes of lesions, or as 
momentary phases of constantlj changing and extremelj \ariable 
processes The beginner should not attempt to make diagnoses 
from them bj companson with his own plates 
The necessitj of a medical training as a prerequisite m this field 
is of course, recognized but tlie particular importance of thorough 
grounding in pathologN isnotalwaxssufficicnth plain In attempt- 
ing to studj gross changes b\ means of shadows, n knowledge of 
pathologi IS as essential to the roentgenologist is anTtonij to the 
surgeon 

G W H 

H E n 

Boston 1919 
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ROENTGEN INTERPRETATION. 


INTRODUCTION. 

It cannot be emphasized too strongly m the beginning (1) that 
roentgen images are shadowgraphs, (2) that thej are the record of 
the ^ar5T^g opacities through wluch a bundle of rajs pass, and (3) 
tliat thej are subject to the possibihtj of erroneous deductions con- 
sequent upon the fact that thej are shadows 

Objects are \isible onl\ uhen thej differ in densitj from their 
surroundings The outline of the heart is distinct against the air- 
filled lung surrounding it whereas the uterus of simihr densitv is 
lost in the shadow of the pel\ is 

Furthermore, the roentgenognra is a projection on a fiat surface 
of e%erj'thmg on c\erj plane between the film and the target of the 
tube In addition to the patient, this includes opaque objects upon 
the filters, the clothing of the patient and the eni e/ope of the film 
Tlie shadow of a rounded bone with ndges on opposite sides will 
appear upon the film as a flit image with two dense lines represent- 
ing the ndges hnng side h\ side It is therefore essential that the 
roentgenologist become familiar with the projected appearances of 
anatomic structures so that he ma\ l>e able to \1suaI12e from a flat 
film the rehtise depth of objects seen upon it The stud\ of 
stereoscopic films in this connection is of great ^ alue 111 the dcN elop 
raent of accurate Msuahzation 

Another source of possible error lies 111 the fact that di\ergcnt 
ra\s are emplojed almost e\cluM\elj in roentgenologj Parallel 
raj s, except m the determinations of the size of the heart are seldom 
u«ed 

OrdinanJj images are produced bj a tube relatntli clo«e to the 
film, and the objects in the path of tlie raj s are distorted according 
to their position with reference to the film Objects in contact 
wath the film gne images of actual size, ami are «iharplj outlined 
Objects at a distance from the film appear lia2\ and proportion- 
ateh increased in sire \Mien a wide field of illumination is em- 
p!o\ed, the central m\s are practicalb parallel but at tlie margins 

(IS) 
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INTRODUCTION 


of the field thc\ strike obliquely producinf' a distorted image 
This IS particularly cMdent in Mews of the spine m ^\hich one or 
two bodies m the center of the film irc \\oil outlined whereas 
others abo\e and belo^ obsaire one another to varMng degrees 
It IS customary therefore to limit the ravs as much as possible to 
the central bundle by the use of diaphragms and to place the area 
under obscr\ ation as near as possible to the film Another ad\ an 
tage to be gained by the use of diaphragms is tint the films obtained 
thereby are brigliter Tacrything in the patli of the rays gi\es 
off secondary radiation and scatters the primarv beam in tlie same 
manner as light is scattered b\ fog Tins sccoiidar\ and scattered 
radiation tends to obscure the image produced by the primary rays 
therefore the area of tissues exposed to the ravs should he reduced 
to as small a field ns possible unless a gnd diaphragm of some type 
13 employed Tins v\ ill eliminate scattered radiation and giv e bright 
images but the distortion due to oblique ravs is alwavs present 
toward the edges of the larger films When small films arc used 
this duergcnce of rays is of no great importance as all the ravs 
striking the film arc practically pcrjicndicular to it 
Adv antage may be taken of this divergence of rav s in some e\am 
inations bv placing tlie patient in a position so that the areas to be 
examined he along a curve the center of which is the focal spot of 
the tube Tor example the thoracic spine is well projected in its 
entire length with the tulw anterior to the patient whereas in the 
lumbar spine only one or two bodies can be clearly outlined with 
the tube in this position To demonstrate lumbar bodies to the 
best advantage on one large film the patient sliould he face down 
upon the film except of course in the case of a patient with a large 
thick abdomen Smnlarlv better projections of carpal nr tarsal 
bones raav be obtained if the dorsum is in contact w ith the film and 
the incident ravs arc directed to the palmar or plantar surface 
When the Buckv diaphragm is not used small cones and films 
should be the rule except in the extremities when the entire extent 
of a long bone is desired In this case no large amount of tissue 
thickness is involved and the errors of distortion can be minimized 
by placing the tube ov er the point of chief interest 
It is obvious that the part under investigation sliould be as nearly 
as possible in contact with the film e g the clavicle should not be 
taken upon films placed behind the scapula 
A roentgenogram showing only one view is an isolated observa 
tion and 13 to be relied upon less perhaps than a single observation 
m any other branch of medicine 
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In so far as possible, films should be obtaine<i in planes at right 
angles to each other In man\ cases a senes of films obtained 
from ^anous angles ^ill be required to establish a diagnosis In 
studies of the skull the spine and the region of the joints, this 
should be a routine procedure 

There are se\eral rules which form tlie basis of successful roentgen 
interpretation 

(1) Become familiar with the projected appearances of normal 
structures 

(2) Lse routine positions for all examinations as far as possible 

(3) Do not attempt to include eierWhing on one large film 
Sexeral small films are preferable 

(4) Do not make a diagnosis before e\cri-thmg possible has been 
done Thoroughness is absolutelj essential 

(5) Do not express an opinion on poor films 

(0) Do not hesitate to repeat the examination when necessarj 

(7) Distinguish between facts demonstrated on the films, and 
expressions of opinion 

In order to a%oul confusion m the u<e of the terms ' increased" 
and "diminished densit\ ” it should be borne in mind that when 
thev occur m the text thex applj to the tissues of the patient 

“Increased densitj’ means the loss of transparenej to the ra>s, 
with a corresponding light area on the roentgenogram, and "dimin 
ished densitx’ means increased radiabihtx, witli corresponding 
darkening of the film 

Tbe illustrations are positixes of the original roentgen XK^atii es, 
therefore, their densities arc the rexerse of tho«e m the roentgeno- 
grams and the same as that of the tissues through which the nxs 
passed 

JllBLlOGRXrilX 

Andrew i D and XXijRBE> f> I> Distortion in Poentgpnograms Taken at 

X anou* Target Film Distances Am /our Roentirenol 22 32' 1029 
W iLUAUS F D The Roentgen Rare in Med cine and burgery 
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COM I SING SHADO^^S AND ARTPrACTS 

'InrnE ircunnj slntlows in films of tlienormaWhich may cause 
errors in interpretation Their sipmficince is obvious when they 
have onoe been recopmzccl, but the beginner is prone to attach 
undue importance to them, particularly when they occur in regions 
to winch his attention has been ilirectc<l by tlie clinical picture 
In case of doubt it is nhvavs wise to take films of corresponding 
parts or to compare them with other films of the same region in 
otlier indn idu ils 

liaea Mistaken for Fractures — \ common cause of error is the 
< PH hv seal Inns which appear as a definite break m the continuity 
tl c lioncs It is therefore essential for the roentgenologist to 
Inv t lie luplctc knowledge of the tune of npjiearnncc of the v arious 
leiitir'i ot ossification the location of epiphyseal lines and the 
approximate age it which they disappear 
\\ hen one bone ov erhps nnotber, or the edge of a muscle bundle 
cros es a bone there may be a thin, sharply drawn black line which 
at times resembles a fracture Ihis appearance is often noticed in 
the transverse processes of the lumbar vertebre where the inner 
margin of the psoas muscle crosses them 
A third possibility of error is furnished by the markings due to 
bloodvessels which arc particularly evident mthe skull, where the 
couisc of tlic middle meningeal artery appears as a tortuous groove 
behind the coronal suture and is more or less sharply outlined 
The venous channels in the diploc of the skull provide another set 
of dark lines irregular in their course and indcfimte m outline 
In the long bones there is ordmanly i definite groove where the 
nutrient artery enters the shaft, which may be mistaken for a 
fracture when seen m profile, as, for example, in the phalanges of 
the hands and feet It is well, therefore, to be familiar with the 
anatomy of these v cssels 

\.n accurate knowledge of the location ami appearance of the 
sutures of the skull will prevent thtir mmnterprctation The lower 
portion of the Jambdoid suture is often mistaken for fracture of 
the base 

Variations in skeletal development ma\ be mistaken for frac- 
tures The\ are usuallv bilateral but not necessarily so 
( 18 ) 
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Dnided sesamoid bones are a common example The internal 
sesamoid of the great toe is frequenth dnidcd transxerseh into 
two rounded masses The patella raa\ de\elop from sexeral ossi 
hcation centers ^hich fail to umte Supemumerarj bones are 
common m the hands and feet and must not be mistaken for chip 
fractures Small separate bones are occasionally seen along the 
upper margin of the acetabulum Any of the ^exeral centers of 
ossification m the xertchre ma\ fail to unite and at times thc\ are 
difficult to distinguish from old fractures Recent fractures usualls 
ha\ e a more clean-cut and sharply defined outline 

The cliaractenstics of a fracture line which are tisualK sufficient 
to identify it are (1) it is a dense black with sharply cut margins 
and (2) its course is usually irregular and particularly m tJie skull 
at aanance witli that of the hloodxes^el markings 
Roushenmg o! the Margins of Bones Mistaken for Periostitis — 
Frequenth there is a thm plate of bone extending out on the inter 
muscular septum where bone and fibrous tissue meet as for example 
between the tibia and fibula or radius and ulna which seen in 
profile u quite suggestive of penosteal proliferation and one must 
be careful to differentiate tins condition from a true periostitis 
A similar process is prone to occur at the attachment of tendons 
sucli as the tendo Achillis the triceps along the margin of the ihae 
crests along tiie Jinca a«pera of the femur end about the external 
occipital protuberances of the skull There is very commonlv a 
roughening and slight proliferation along the margins of the pha 
langes of the hands w 1 idi is walliout significance The flange 
behind the intercostal groove on the inferior margin of the nbs 
postenorly is often exaggerated and suggests a periostitis Tiie tibial 
tubercle raa\ be somen liat wadened and its lateral margin projected 
outside the outer liorder of the tibia a short distance below the head 
and It 13 frequentK mistaken for a localizetl proliferation of pen 
osteum There is nonnalK a \anable amount of roughening on 
the inferior margin of the pulies and lachial tuberosities 

A true penostitis appears as a more or less extensive deposit of 
new Ixn c upon a normal appianng cortex Tins depo'iit may be 
laid down m multiple thin lamella giving it a delicateK stratificil 
structure which is a form frcquentlv seen m lues or it ma\ lie a 
low irregular fringe as m •some forms of osteomyelitis 

Calcifications — Calcium dejH)sits cast a den-'C shadow wherever 
thev occur Tliev have an extensive distribution in the bodv out 
vide of the Ixiny structure* pamcularlv m c-irtihge Here the 
deposit occurs in irregular plaques in and about the '^uriace leav ing 
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the center transparent This is best seen m the costal cartilages 
^\hlch appear m chest spine gall bladder and kidnej films These 
shadows are without significance and their nature is ns a rule 
easilj determined 

Calcification also occurs in the same manner in the cartilages of 
the larjnx and is easily recognizable m lateral views of the neck 
In anteroposterior Mew 3 of this region howc\er they are projected 
upon the lateral masses of the ccnical aertebrm and ha\e been 
mistaken for hypertrophic changes in the spine or calcified vertebral 
arteries 

Old foci of tuberculosis arc common sites of calcification examples 
of which are the irregular masses seen in bronchial ceraical and 
abdominal glands They are characterized bj agglomerations of 
small masses which produce tjpical irregular mulberri like shad 
ows They are usuallv multiple Small rounded dense masses 
sometimes occur scattcriKl throughout the spleen and maj occur 
anvwhcre beneath the peritoneum as the end result of localized 
tuherculous processes Irregular calcification is often encountered 
in tuberculous kidness Fxtensi'c sheets of calcification are some- 
times seen in the pleura m the pericardium and in thcm\ocardium 

The calcification which occurs in arterial walls as a result of 
arteriosclerosis is a familiar picture It maj be found in the course 
of an> of the arteries and is sometunes cxtensi\e and striking 
The age of the patient must alwajs be taken into consideration in 
estimating its proper sigruficancc These changes occurring in the 
internal iliac arteries maj be mistaken for stone in the ureter 

Calcification appears m xeins m the form of small rounded dense 
masses so-called phlebotiths which represent small calafied thrombi 
on the distal side of the aahes Tiie^ arc most common in the 
pelvis in the region of the iscbial spines where they are frequently 
mistaken for ureteral stones The\ max also occur in the super 
ficial xeins particularh in the leg Rarelc calcification similar to 
that seen m arteriosclerosis maj appear m a ancosc a eins 

Extensiae calcification mav occur m hematomata and is most 
commonlY seen, ahnul the dhow. and. ux the. »3,'iailnee:5a extensne 
It maj develop rather suddenlj several weeks after an injury and 
present an appearance on the film which may be mistaken for 
periosteal sarcoma ^Miole musde groups maa become calcified in 
mjositis ossificans 

Deposits of calcium mav form about foreign bodies such as sdk 
sutures the casts of parasites and a era rarelj within a dead fetus 



CALCIFICATtOKS 


The most common calcified parasite found scattered through the 
musculature of the body is tlie t^sticercus. It ranges in size from 
4 to 8 mm in length and 1 to 2 mm in diameter. 

Trichina has a similar distribution. The parasites arc usually 
under 1 mm. in length and thej do not calcifj as frequently. 

Dead filaria may calcify to 
' I tJdn strands in the 

j'*’ soft tissues 

^ Calcification is fairly common 

1. r in tumor nms«es when the bloo<l 




rio 1.— Calcification in ansiooia 


Fio 2 — Calcified eyaticcrcua 


supply has been obliterated, as, for example, in uterine fibroids It 
is encountered also m otlier slow-growing, benign tumors of the 
connecth e-tissue group, such as fibromata and lipomata. It occurs 
in slow-growing, scirrhous carcinomata, in sarcoma of the lung, 
in some tumors in the pancreas and gall-bladder and in glandular 
metastasis. Angiomata may contain round, cyst -like masses of 
varying size, representing calcified thrombi, and endotheh’omata 
raav show irregular dense areas, particularly in the skull. In some 
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forms of o\irnn tumor calcium plaques of varvinR si7C occur and 
their demonstration may be of consulcnWe value m the diagnosis 
( f these tumors 

Small tlun plaques often occiirm the dura mater and falx cerchn 
Deposits arcalso seen in the pineal thjroid testes (varies and other 
glands and in the sulicutai cotia tissues of the shins dense scar 



Flo 3 — Intramuscular odnin«cton Theahneiowof the mctall c depos I can bo 
■eon scattered over (hat of the pel -le bones 

tissue and along tendons and their attachments as a result of 
previous inflammation or trauma 

Spott} areas of calcification have been seen m tiie skm and sub 
cutaneous tissues at the finger tips in patients with Raj naud s 
disease and scleroderma 

Infarcts of anj of the viscera maj subsequentlj calcify Dis 
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turbances in cnlcium metabolism or local clnnges m tis&ue cliern 
istr% maj produce a deposit of calcium salts m the kidne%s car 
tilages mucous membranes stomach arteries or soft tissues 
Concrements —Solid calcareous masses usuallj the result of 
chronic infection are found in the iiosc tonsils saln'ar^ ducts 
appendix bile passages pancreas and gemto urinars tract 

Bodies hing loose m caxities particiilarK if tlie\ desclop from 
an organic nucleus gi\c annular sliadons 
Teeth are sometimes recognizable in dermoid c\ sts 
Areas of Increased Density m Spon^ Bone — Small round areas 
of condensation are sometimes seen m cancellous bone There is 
no disturbance in the nonnal structure of the bone about them 
and their significance has been a matter of considerable speculation 
'Ihej maj represent old healed areas of infection a localized 
disturbance m the gronth of the bone or the presence of small 
islands of cartilage which ha\e become calcified The\ ba\e no 
clinical importance 

The trans\ erse dense lines often multiple which occur along the 
mcdullars canal toward the ends of the long l>ones arc the result 
of disturbances m calcium metabolism whicli ocairred at the time 
when the epiphsseal line was at that lextl thc\ ma\ be likened to 
the growth rings in the trunk of a free 
Warts and Tibromata on the Stan — Anj area of skm w Inch presses 
heax lb on the cassette w ill be recorded as a spot of increased density 
common examples of which ore outlines of the buttocks of a thin 
induidual in a film of the entire peUts the breasts of women in 
anteroposterior films of the chest or the ears in lateral skull films 
In the same wa> warts and fibromata appear as rounded areas of 
incic'ised density Over the kidnej or gill bladder regions the\ 
ma\ strongb suggest calculi V characteristic which maj help 
to identifj them is that tbe\ ha\e extremelv sliarp margins because 
of the fact tliat thev are in contact with the film The presence of 
fibromata should alw a\ s lie note«l in the patient s rcconl 
Metallic Salts — Bismuth or binum salts nhicJi ha\e remained in 
smu'cs after injection, or m portions of the gastro-intestinal tract 
following routine examinations are occasionalh seen 
lollowing tic intramuscular injection of hisuiutli or mcrcurx 
dense shadow s appear m the soft tissues and ma\ j ersistindefiiiiteb 
Surface applications of lodin or mcrcun or other metallic ointments 
ma\ cause confusing si adows 

lodm 111 an\ fonn casts a particularly dense shadow hence its 
use in an oil compound to outline bronchial ramifications subar 
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achnou! space, old sinuses or other bocl> cas itj Various solutions 
of lodids are einplo\ed m pj iloprapln , and m the demonstration 
of tfie pall bhdder Ifromwls are si/nilari> useful, but less opaque 
Residues of lodiztd oil maj be found in the spinal canal, thorax 
and soft tissues long after injections have been made 

Gas —Air or gas m the soR tissues gives a chancteristic picture 
In subcutaneous emphvscma, the patient at first sight appears to 



Fio 4 — The area of (1 m n «hnl density ind ented I yarrows is due to a gas bubble 
m the bowel oierljing the il um and ahould not be mistaVen for destruction in the 

be m a plaster cast, so sfrihin^- are the alternate bpbt and darb areas 
in the affected region Accumulations of gas, particularlj in the 
colon V. here it ov erlies the spine, the u mgs of tlie iha or sacrum, are 
sometimes mistaken for areas of rarefaction in the bone Careful 
inspection will reveal tiie presence of normal bone structure in the 
doubtful area, or the patient maj be reexamined 
Gas appears in the soft tissues earh m the development of gas 
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gangrene. It infiltrates and expands indisulual muscle bundles 
and must be difTerentiatCfl from pockets of air which maj be seen 
in the soft tissues follow ing surgical operations or punctured w ounds, 
when air is introduced between tlic muscles This difTcrcntiation 
is not eas} at times. 



Pia 5 —Gas g^DETene following amputation of tli« Ics. N'otc tbe sliarply defined 
bright areas lo the soft tissues. 


Clothing, Dressing and Jewelry. — As a general rule, all clothing 
and dressings should be remotetl from the part to be examined, 
but this is not alwajs possible. The examiner should therefore 
be familiar with the shadows cast h\ these objects Colorctl silks, 
especially the cheaper x-arietics, p\c a general haziness or dense 
lines where folds or wTinUes occur. Sheets and draping, if not 
properlj rinsed, ma\ also produce similar shadows Metallic 
objects, such as earrings or buttons, «ui^ fittle difficulty if close 
to the film, hut if thei he a considerable distance from it so that 
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tlmr sliadows arc IiUiitcjI, tlicy ina}' be :ni'>interj)retc(l. I'arringa 
lia\e been jnistaken for tooth roots antJ buttons for ga!l stones 
Defective Films.— I'llins may sliow irregular light or dark areas as 
a result of dcficts of manufacture, or fogging by Hglit, radium or 
rnentgcn-riij s One parlitularlj troublesome defect is the occur- 
rence of Iot.nlized cresonth light spots produced bj buckling or 
innklingof the film liefore it i-* exposes! Spots wliicli lend to be 
repeated on success»\e films arc usually due to a ilcftct in intensify- 
ing screens, or foreign mitcrial nlthin the cassetteor upon the filter. 
Irregular patterns of incriuseil or dimiuislied densitj occasionally 
result from uneven immersion of the sensitive surface in the devel- 
oper Thej nrcverj’shariilyimrkcdand hav e long curs ed outlines 
I'lngcr-marks appear on films ns light or dark spots, depending upon 
the suhstance present on the finger at the time of impression 
Their presence is ahvavs .an indication of faulty dark-room technic. 
iimLiocuArHV 

il^na rMij'jIoxiro) Cslnllriilioo Pliyuml Itev, 13. £01, JPl.’ 

Hbsw Art^fnrU in Filnii ItiuJioIoKy. 24. 350. i01’> 

KtOTZ O'^KAK OImo1«Io TulirrHr« of the '*rilc«n Am Jour MmI Seu 

194 7M loir 

ODTcnsRiDCie G ^V Non teratomatous Bono Formation In the Human 0>ary. 
Am Joiif Med ®ci 191. h( S. llilA 

RuoaLFs CnlriricAtion (o Antttomata Am Jour UoenlEcnol.fi 513.1019 
Smitk-Siiam) Nutrient Canain of the Ileum Vlistaken for I rncturc lirt Run 
Jour Oeloljcr 1017 



CHAPTER II 


ANATOMICAL VARIATIONS AND Dt VFLOPMFNT 

Anatomical variations m bone structure rai> occur anjuhere 
jn the skeleton and are of considenble unportance aside from their 
interest as curiosities for tliej arc common!} points of lowered 
resistance A strain or injurj nbich would be witliout cfTcct on a 
normalU constructed individual mav give nse to severe and stul>- 
bom symptoms when sucii anomalies are present TI is is particu 
larly true of variations m the spine which will be considered in a 
liter chapter Anomalies arc frequentiv multiple c g spina bifida 
and rib fusions 

Skull —The skull mav show partnl ibsence of bones or vanition 
m the width of sutures which remain into adult life Tlie frontal 
bone develops from two centers and a suture line mav persist in 
the mid line between them The occipital region may show mul- 
tiple abnormal sutures Tliin areas appearing as boles are occa 
sionallj seen m the frontal and pinetal regions and along the 
sagittal suture The sinuses and mastoids arc subject to wide 
variation from coraplvtc absence to enormous size Cases have 
been observed m which the nnstoids commuiucateil witli the 
sphenoid sinus antcriorh and with eacli other postenorlv Earlv 
or dehved closure of sutures mav result in abnormalities m the sire 
or shape of the skull Partial or complete ib'icncc of the cranial 
vault resulting iii ancephalic monsters is m unusual finding 
whith can be demonstrated on films of the fetus taken before birth 

Bibs —Extra ribs wav appear in the Jon er cen ical or upper 
lumbar regions orthej maj be attached to extra bodies Cervical 
nbs maj be of sufRcieiit length to articulate with the sternum or 
becomcattachcdtothcfirstnb Thev areiisuall} longer than tliej 
appear on the film due to foreshortening of their shadows. On the 
other hand one or more nbs mav be absent or partiallv so or 
adjacent rilis maj be fu«ed A mild form of this latter condition 
13 frequentl} seen near the stcnial end where a nb mav flare con 
siderablj before its attachment to the costal cartilage and this 
enlargement mav or mav not be perfontevl 


( 27 ) 
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Scapuls —These bones \arj considerably m thickness, and holes 
may occur m the tlim regions Unusually prominent grooves may 
simulate fractures There is a congenital elevation of the scapula 
(Sprengels deformitj), in which a partiallv developed scapula is 
found high up toward the neck The lower margin of the glenoid 



Fio 7 — Congi*Dital eleistioa oI Ihc Kapul® 


maj fail to develop or the articular surface of the glenoid may be 
com ex, w itli a corresponding depression in the head of the humerus 
In cases of obstetrical paralysis there may be an imperfect devel- 
opment of the scapula and head of the humerus 
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Vanations of the Carpus.— Perhaps the most important anomaly in 
this region is the di\ ided scaphoid, which is to be differentiated from 
a fracture of the scaphoid. The margins of the hah es are more 
rounded and smooth, and the space separating them is not quite so 
black as in the case of fracture. The semilunar bone and the 
sesamoid of the thumb may be sunilarly divided. Proximal epi- 
physes are often seen upon the second metacarpal, Jess commonly 
upon the fifth Various accessory' bones are shown in Fig. 8, of 
which the most common is the styloid. This bone de\elops from 
a separate center of ossification and is seen Ij’ing between the 
trapezoid and magnum, opposite the third metacarpal 



% — Oi'zzzaft'fc vw/sA’/OTfl. ^a. ‘Jak Ktww.’j Kawits tokj 

TCpar»tel> or be united to of the adjacent bones ) I, pretrapeziun 2, styloid, 
3, subcapUatum, 4, os Tesalianium, 5. ulnare eatemutn, 6, radule externum, 7, cen- 
trals, 8, divided scaphoid, 9, hypotuoatum 10, epilunatum 

Phalanges.— The phalanges are usually invohed in generalized 
anomalies of de\ elopment, as in acromegaly , where the phalanges 
are strong and heavy, with a coarse cancellous structure, and the 
terminal phalanges tufted at the tip. 

In cranio-cleido dysostosis the distal phalanges are short and 
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conical, the middle phalanges short, and the proximal row expanded 
at the base The metacariials are expanded at both ends, with 
narrow , dense shafts These changes occur m both hands and feet 
There are associated defects in the slviill claMcles and pchis 
Arachnodaetj ha presents stnkinglj long slender bones, associated 
with deformities of the skull and tliorax and hjpotonicit\ of the 
muscles The forehead is promineDt, the ejes wideh spaced, the 
trunk IS short, the limbs art long and slender with a disproportionate 
elongation of the fingers and toes 



riQ 9 — Coniraoii vanalions of t} e taniu (Anterior posterior view ) 1 2 

intermetaturseum J intercuneiform 4 tibtaleext«mum S perooeum 6 os vesalia 
niuin 7 secondary cuboid 


Variations ol the Tarsus — ^The astragalus bears a backward pro- 
longation of variable length which often exists as a separate bone, 
the tngonum, and w hen present it must be differentiated from a frac- 
ture of a long process The next in order of importance is the tibiale 
externum, a small detaclied hone whidi sometimes occurs at the 
postenor end of the scaphoid on the inner side of the foot 
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The small separate center of ossification on the outer side of the 
posterior end of the fifth metatarsal maj persist into adult life as a 
small bone called the \ esalianum 

Divided sesamoids in the tendons of the flexor brevis hallucis 
beneath the head of the first metatarsal are fairly common Thej 
must be carefuUj differentiated from fracture of single sesamoids 
which are extremeh rare Otherxanations are outlined m Fig 9 

The subject of \ariations in the hands and feet is exliaustneh 
treated by Dwight 

Other Bony Vanations — In e\erj roentgenologic practice one 
ma> encounter cases of partial or complete absence of long bones 
particularly the fibula radius and phal 
anges On the other hand supernumer 
ary bones usually extra fingers or toes 
may abo be seen Deielopment may 
proceed from se\eral centers which may 
fad to unite later The patella is an e\ 
ample It may show one or more tri 
angular or crescentic masses about its 
margins which mav be differentiated 
from fractures by the fact that their 
edges are smooth and that the condition 
IS usually bilateral Fusion of bones 
mav occur This is most frequenth 
found between metacarpab phalanges 
or radius and ulna Adjacent carpal 
and tarsal bones may be united and 

there is an hereditarv anomah in which 

, J 111 t Fig 10 ^upernunjprary 

the first and second phalanges of one or thumb 

more digits may coalesce with obhter 

ation of the mterphalangeal joint Short terminal phalanges arc 
seen on the thumbs fingers and toes and sometimes single short 
small metatarsals or metacnrpals occur in cases of mvositis ossifi 
cans Mongolian idiots often have short middle phalanges on tl e 
fifth fingers and relatively short ulnie Atavistic variations may 
occur as for example the hooked supracondy lar process occasion 
ally found on the inner maipn of the humerus abov e the elbow or 
a crescentic sesamoid bone the patella cubit i found close abov e the 
tip of the olecranon 

Chinese women through vears of binding of the feet develop a 
markedlv accentuated plantar arch 
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Ossification — Variability balsoevideiitiiUhetimeofappearanceof 
centersof ossification Ingiristheyusuallyappearearliertlianinbojs 



Fia U — Common varutions in ibe m«ni Ostoral v>c«) 1 trisonum 2, ncMf 

aorytaioi 3, ottusunUculum 4.tibial««xt4‘rnum peroneum,6,o«>eiahanum 


Tablc or ArrEAtUKce or CcKTcns or 0«sineATiov w* Feroi 

Head 


MtodiUe 

Occipital bone— aqua moue portion 
lateral and baailsr 

Superior maxilla 

Temporal bone — petroua maetoid and xycoma 
Sphenoid— 'inner lamella of pterygoid proceea 
great wings 
lesser winae 
anterior body 

Kaeal booo 

Frontal bone 

Bony labynnth 

Firat dentition— rudirnenfe 

Hyoid bone — greater cornua 


tlh week 
8th ■■ 
Olh to 10th " 
8th " 
9lh " 
9lh “ 

1 0th " 
13th “ 
13th to 14th " 
lOth " 
9ihtol0th 
17th to 20th “ 
17th to 28th " 
29th to 32d " 


Shoulder Girdle 

Clavicle — diaphyeiB 
Scapula 


7th week 
9th “ 


Upper Cttrenttlu 

Humerua— diaphyeia 
Hadiua — diaphyaie 
Ulna — diaphysia 
Phalangea — terminal 

bnsal 2d and 3d 
baaal 4lh and let 
basal 6lh 

middle Sd 4th 2d 
middle Sth 

Metacarpals— 2d and 3d 
4tb Sth, lat 


lOth 
0 12lh 
12th 
0 16th 
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V^ebra 

Arcbes— &]1 cenical and upper lit and 2d doraal 
all dorsal and 1st or 2d lumbar 
lower lumbar 

Bodies from 2d dorsal to last Itunber 

from lower cervjcal to upper sacral 
from upper cervical to lower aaci^ 

5th aacral 
Ut coccygeal 
odontoid process of axis 

Costal processes— 6th and 7th cervical 
5th cemca) 

4th 3d 2d cervical 

TrsDSi erse processes — cervrcitl and iforsal 
lumbar 


9th week 
10th ‘ 
15fb “ 
16th to 25th 

10th « 

nth “ 

12th “ 
13th to 28th “ 
37th to 40th ' 
17th to 20th ‘ 
2lBt to 33d “ 

33d to 38th “ 
37th to 40th “ 
21st to 24th “ 
25th to 28th " 


fZi6s and £irmuni 

Ribs— 5th 6lh 7th 

2d 3d 4(b 8th 9th 20th lllk 
1st 

12th (very irregular) 


8th 


0th week 
9fh “ 
10th •' 
10th " 


Sternum 


2Ut to 30tb week 


Pthtt <7irdfe 

Ilium 

Iichium— descending ramus 
Os pubis— honiootal nmus 


0th week 
16th to 18th ■ 
21at to 28th “ 


Loxrrr Ettremtfif 

Femur— diaphj SIS 

distal diaphjsis 
Tibia— diaphy SIS 

prosifflal epiphysis 

Fibula 
Os calcis 
AstTSgslus 
Cuboid 

Metatarsal — 2d and 3d 

4th 5th and lat 
Phalanges — terminal 1st 

terminal 2d 3d 4Ui 
terminal Sth 

basal Ist, 2d 3d 4th 5tb 

middle 2d 

middle 3d 

middle 4th 

middle 5th 


7th to 9th week 
35thto40lh “ 
Sth to 9th “ 
40tfa 
9th ‘ 
Uth to 25th “ 
24th to 32d 

40th “ 
9th “ 
10th to 12th “ 
9th • 
10th to 12th “ 
13th to 14th “ 
13th to 14th ‘ 
20th to 2Sth ■' 
2lBt to 26th “ 
29th to 32d “ 

38d to 36tb “ 


The follow ing tables gi\ e a working a\erage of the time of appear- 
ance of ossiBcation centers after birth 


Scapula — coracoid 

upper glenoid and base of coracoid 
acromion (tuo centers) 
vertebral border 
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Time of 

Time of 


A presrsnee 



Yesrt 

Years 

Ribs — epiphytes for bead and tuberde 

IS 

23 

ClaMcle — Email epiphyais of tbe atetnal end 

22 

25 

Humerus — head 

1 

18 

icrcater tuberosity 

3 

18 

lesser tuberosity 

4 

18 

(all fuse at iix yeara and lotn the shaft at eichtcen > ears ) 


capitellurn 

1 

17 

internal epieondyle 

S 

IS 

trochlea 

10 

17 

external ecMCondyla 

12 

17 

(The capitellurn trochlea and external epi con 


dyle join as a mass at fifteen 

and the 


internal epfcooilyle at ei£hteen years) 


Radius — head 

e 

18 

lower epiphy sis 

2 

20 

Ulna— olecranon 

ii-IO 

17 

Losi er epiphysis 

n 

20 

Carpus— (in the order of appearance) 



ms^um 

1 


unciform 

1 to l| 


euBcitorm 

2 to 3 


Kmilunar 

4to6 


irapcsium 

6 


scaphoid 

5 to 0 


trope wid 

3 to 8 


pisiform 

10 to 12 


McUoarpals— ^pipliy tes 

3 

18 

Fhafanses— epiphyses 

3 

18 

Pelvis— (pubis aod ischium unite at eight years 



tabulum etoeesat sixteen years) 



epiphyses for 

0 

0 

crest of ilium 

1 


ischial tuberosity 

i 15 

23 

anterior inferior iliac eptne 



tubercle of pubis 

1 


Femur — head 

1 

18 

greater trochanter 

4 

18 

lesser trochanter 

11 

17 

lower epiphys s 

tirtb 

20 

Patella 

2 to 3 

24 

Fibula — upper epipbysis 

4 

24 

lower epipbysis 

2 

18 

Tibia — upper epiphys s 

birth 

22 

lower epipbys a 

2 

18 

Tarsus — (in order of appearance) 




birth 


epiphysis of cslcu 

8 


astragslus 

birth 


cuboid 

birth 


external cuneiform 

I 


internal cuneiform 

3 


middle cuneiform 

3 


scaphoid 

4 


Metatarsals — epiphy ees 

3 to 8 

18 

Phalanges — epip^ses 

4 to 7 

18 

Scsamoids of flexor breiis hallucu 

5 
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V eHebra — Ossificatioa is (rom three primary centers one for the body and one 
for each lateral mass The nucleus for the body may be 
diMded The latnins mute during the first year Five second 
ary centers are described in the anatomies — namely thin plates 
on the upper and loaer surfaces of the body and the tips of the 
mammillary tubercle transverse and spinous processes — appear 
at the age of twelve to fifteen years and umte at twenty file 
The fifth lumbar vertebra is an eseeption in that it ossifies from 
five centers one for the body one on each side from which are 
developed the eupenor articular process pedicle and transverse 
process and one on each aide which subsequently form the inferior 
articular process lamina and spinous process 
These figures should not be apphcd arbitrarily A child aged fiio years may vary 
SIX months either way from the figures given At ten years at least one year a van 
ation should be allowed and at fifteen years a two year allowance should be made 
It must be remembered that some mdiiiduals do not show the same stage of dciel 
opment throughout all the epiphyses In general girls oier ten years of age show 
a bone dev^opment about one year in adtanceof boys of the same age 

ApPEtRAhCE AND UNIOV OP BONE CENTERS ThESE TaBLES HtVE BEEN 
Rptisbd prom Those orENCELnscH nnd McMahon, Camp andCillet, 
AND P C Hodges 


1 Coracoid process scapula 

Bead of humerus (six to seven months) 

Capitate and hamate 

Head of femur 

Upper ep physts tibia (birth) 

Third cuneiform 

2 Greater tubercle humerus 
Capitelluffl humerus 
Lower eptph} sis radius 
Patella (two to three years) 

Lower epiphysis tibia 
Lower epiphysis fibula 

First and second cuneiforms (two to four years) 

3 Os tnangulans 
Heads of metocarpals 
Heads of phalanges hands. 

Heads of metatarsals (three to seAen years) 

4 Lunate 

Greater trochanter femur 

Upper epiphysis fibula (three to four years) 

Isavicular (tarsal) 

5 to 6 Union of head and tuberdes of humerus 
Medial epicondyle humerus 
Upper epiphy sis radius 
Greater multangular 
Lesser multangular (six to eight years) 

NaMCular (carpal) (five torn years) 

7 Lower epiphysis ulna 

Union of ischium and piibss 
Epiphy'sis os colcis (seven to nine years) 

9 Pisiform (nine to eleven years) 

10 Olecranon ulna. 

Trochlea humerus 

11 Lateral epicondjie humerus (eleven to twelve years) 
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Yetrs 

13 LMser trochanter femur 
Olecranon— Female 

14 C/mon of heads of metaearpats (fourteen (« fifteen years) 

Eptphysia os caleu— Female 

15 Acromion 

Inferior angle scapula 

Umon of centers of scapula (fifteen to eighteen years) 

Sternal end clavicle (fifteen loaesenleen years) 

LTiuon of heads of phalanges hand 
Appearance of secondary renters os eoxs 

(a) Crest of ilium (fifteen to nghteen years) 

(b) Acetabulum (fifteen to sicteen years) 

Union of pnnvary reniNS oa coxae 
Exteroal condyle humerus— Female 

Head of radius — Female 
Trochanters- Female 
Head of femur — Female 
Olecranon — Male 
1C Umon of 

Distal extremity humerus 
Olecranon ulna 
Upper epfph>s« radtus 
Heads of metatarsals 
Heads of phalanges feet 

Cpiphj^is of phalanges and netaearpals— Female 
Epiphysis of phatanecs and metatarsals— Female 
Epiphjsis os esieia— Male 

17 Union of 

Lower epiphjits radius 
Lesser trochanter femur 

Distal epipb) sis of the tibia and fibula— Female 

External condyle humerus— Male 

Head of rsdiua— Male 

Trochanters— Mate 

Head of femur— ^fale 

18 Union of 

Head of humerus 
Greater trocliaoter femur 
I ower epiphysis tibia 

Distal cpiphj SIS of radius and ulna — Female 
Greater lubero^ty of humeras — Female 
Distal epiphysis of femur — Female 
Proximal epiphysis of the tibia and fibula— Female 
Epiphysis of phslaones and mstacarpaJs — Male 
Epiphysis of phalaoges and metatarsals — Mate 
18 to 30 Union of 

Lower cpiphys sutna 

Secondary centers os coxae (twenty to twenty 6%e years) 

Lower epiphysis femur 
Upper epiphysis tibia 

Zomrr fptfhiftt dWo 
Upper epiphysis fibula 
Distal epiphysis of tiba and fibula— Male 
Distal epipbyais of radius and ulna — Male 
Head of humerus — Male 
Greater tuberosity of faunietvs— Male 
Distal epiphysis of femur— Alale 
Proximal epipbysiaof tibia and fibula — Male 
22 to 25 Union of sternal end clavicle 

Between the ages of five and twelve girls seem to run about ooe 
year ahead of the b«9S after fourteen about two years ahead 
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Areas to be Taken for Bovb Aob DeTERUiviTiova. 


I to 5 (1) Full 6sure divided on two filnu 

(2) Hands and feet taken separately 

(2) Lateral knee for patella 

6 (ly Carpals and tarsals 

(2) Shoulder 

(3) Pelvis 

7 (1) Pehis 
(2) Carpals 

8 (1) Carpals 

(2) Lateral foot 

9 (1) Carpals 

(2) Lateral foot 

10 (1) Fibow (lateral anteroposterior) 

(2) T ateral foot 

(3) Hand (anteroposterior) 

11 rUiBs listed under sees tea and tweho years 

12 (1) Elbow (lateral anteroposterior) 

(2) Carpals 

13 (I) Kip aith ha/f peliis 

(2) Anteropi'stenor elbow 

(3) Anteropostenor head 

14 Films listed under ages thirteen and fideen lears 

15 (1) Claiicle 

(2) Scapula 

(3) PeUis(halO 

(4) Lateral foot 

(5) Hand 

(C) Lateral elbow 

16 Elbow (lateral anteroposterior) 

17 Pelvis 

IS (1) Carpals 

(2) Tarsala 

(3) Shoulder 

(4) Pci via witK hip-jouit 

(5) Ankle (anteroposterior) 

19 Films listed under ages eighteen and tvre ity years 

20 (1) Carpals with wnst 

(2) Knees (anteroposterior) 

(3) Ankle (anteroposterior) 

25 (1) Clavicle 

(2) Scapula 

(3) Pelvis 

(4) Knee 
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It IS well to Lenr in mind (1) that epiplijses which appear last 
are the first to unite, and that the nutrient foriraen is directed 
toward them, (2) that ossification b^ns earliest m the epiphyses 
bearing the largest relative proportion to tlie shaft (except the 
fibula), and (3) that when an epiphj sis ossifies from several centers, 
thej fuse together before uniting with the shaft 
\anations in the normal process of the union of cpiphises are of 
great importance as a factor in the production of deformities For 
example failure of development of a center in the lateral masses 
of the fifth lumbar ma} result m scoliosis Abnormal fusing of 
the lower epiphjsis of the radius produces the malformation hnown 
as Madelungs deformitj, in which the plane of the radiocarpal 
articulation is rotated inward and forward with a relative elonga 
tion of the ulna Deformities due to irregularities in development 
hav e been noted in children after smallpox 
Delaved union roaj accompany retarded mental or physical 
development of which a common example is seen m cretinism It 
also occurs as a result of infection or injury 
Tlie exact role of the various endocrine disorders m affecting 
epiphyseal centers has yet to be worked out hut it is interesting 
to note that there is marked delay in the appearance of the various 
centers and closure of epiplivsexi lines m liypotliyroidism and in 
cases of gonad and anterior pituitary deficiency The opposite 
condition of adtanced development and early union of epiphyses 
occurs in patients with overactivity of the pituitary and thyroid 
\anations occur m the normal calcification of epiphyses They 
may ossif> from several nuclei or show a central nucleus and a 
peripheral shell with a clear zone between as a result of healed 
rickets 
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CHAPTER ni 


FRACTURES A^D DISLOCATIONS 
FSACTDRES 

It is important for the roentgenologist to lia\e a thorough know I 
edge of roentgen anatomv^and of Uie surgical pathologj of ttound 
and fracture repair Gross fractures are, of course, obMous, hut 
m a doubtful ca^e the diagnosis nnj depend entireh upon the 
breadth of his anatomic and surgical experience He should remem 
her that the more accuratelv a fracture ts rwluced the sooner ^ ill 
function be restored and tlie smaller tJie callus nhicli will result 
Calcification begins in callus in from one to four neeks, and is usualh 
complete in «ix. At first callus max shon xeo bttle ewdence of 
lime depo'it x\hen there is no displacement of fragments, but an 
extensile comminution or a malposition of fragments should be 
accompanied bi a large thoroughiv calcified callus 
It IS sometimes adi isable to lia\ e oblique i icn s with tlie incident 
ra\8 directed along the plane of the fracture, to decide whether or 
not bom union ts dci eloping Oblique views are abo necessan at 
times to «epante the radius and ulna or tibia and fibula 
The prognosis of fractures imohing joints should always be 
guarded becau«c of the fact that there is no mean* of estimating 
from the roentgen examination hon much damage has occurred to 
the soft tissues, or what effect tlieir repair will have on function. 
The possibilitv of orgamzation and calcification in extenstv e hema* 
tomata «houId be remembered \Mien the fracture involves a 
joint, the fact should be mentioned m the report 
The question of union is often a difficult matter to decide from 
roentgen evidence alone One cannot determine from a film show- 
ing a fracture without evidence of bonv union whether there are 
soft tissues between the fragments which will interfere with repair, 
whether an uncalcified ca!Iu» is present, or whether or not there is 
firm fibrous union It should he remembered that callus formation 
m compound fractures is apt to be ^low and irregular Callus is 
nev er seen witbin joint capsule^ as m the neck of the femur Callus 
IS not «een following fractures of the vertebral bodies, skull or iha 
Non-union is prone to occur when the site of fracture involves a 
nutnent arterv , or w hen the patient is sv-phditic or asthenic 
( 40 ) 



fpactvfes 


41 


Usually one cannot distinguish the presence or absence of callus 
through a plaster cast Bon\ union cannot be said to be complete 
until trabeculffi ha\e been demonstrated across the fracture line 
In the reduction of fractures normal eight bearing lines should 
be restored as far as possible, snd eserv attempt should be made to 
replace articular surfaces in their normal planes witli reference to 
the shaft In doubtful cases comparison hlms of a SMnmetrical 
part ma\ help to decide whether or not a reduction is satisfactory 



Fio 12 --Fracture o{ tl e ikull narhild CoRiparetbefracturel ne^itb tbe euture 
1 De sc^n in front of it A Iractwe B suture 


Alter operation caWus formation is 'ipt to be ed and 'ssliere 
plates liaie been applied callus usually forms best on the sides 
a\\a\ from the plate In the course of time there is a certain amount 
of bone absorption about plates and screws without the presence 
of infection 

Fracture lines will usuilh become obliterated m from three to 
SIX months and if reposition of the fragments has been accurate all 
e\idence of the injurj ma\ ha\e disappeared in that time The 
shadows of linear hactures in the shull, howeier, maj persist for 
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several jears after the injm-j Inanj fracture, v^hen reffuction has 
been poor or the callus formation CTtensiv e, evidence of the deform* 
ity may persist for life 

The roentgenogram will often furntsli evidence of value to the 
surgeon aside from the position o! the fragments, such as indica- 



Tig 13 — Depres cd fracture in frontal regon Isote the oierlapping fragments 
ind cated by the arroii and the curved fracture I oe at A B indicates the fronto- 
pacietal suture 1 oe 

tions of a pathologic process in the bone or of the presence of 
foreign bodieswithm the wound and occasionally the early appear- 
ance of gas m the soft tissues as a result of infection with ^\eJcb’s 
bacillus 




FRACTURES 


r> 

Skull —The skull is subject to linear fractures ^\hlch appear on 
the film, as thm, bhck lines Tvith sharp, ragged edges Thej maj 
run m am direction Tfiei are to be differentiated from suture 
lines, diploic \ eins and hlood\resel grooves all of ^hich ha\e fairlv 
definite courses smooth margins and are lighter in color Tracture 
lines ma\ open up sutures or follow blood\c«se! markings but thcA 
can usually be traced bejond the course of these normal lines 



Fio 14 —T»ngential view of fracture m Fie 13 shovung amount of depression 
present, indicated by the arron 


Comminuted and stelhte fractures are generalh ob\ious A 
depressed fracture often appears as a white line because of oxerlap- 
ping of the margins of the break, therefore xthenexer possible 
profile 1 len s should be obtained 

Fractures of either the inner or the outer table appear as thin 
black lines or areas of slight iire^uJaritj in the densitj and structure 
of the bone Fractures limited to the base are frequently ox erlooked, 
therefore, as a routine procedure, films showing a x ertical projec- 
tion of tlie base should be obtained, in addition to anteroposterior, 
posterior-anterior and lateral \ie«s It is poor judgment to subject 
a patient xxith an acute skull fracture to the manipulation necessary 
for an adequate roentgen examination The procedure is better 
earned out after the patient has recox ered from initial hemorrhage 
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and shock Th\3 docs not pteclude live taking oC prehmmary films 
in routine literal and anteropostenor position, with lery little dis 
turbance of the patient, in order to determine the presence of gross 
injuries, but such an tximination should not be considered final 
The tlienpeutic procedure in these cases should be based on the 
clinical sjmptoms nther than on the roentgen findings, and the 
roentgen examination maj well bedelaved until operation is decided 
upon or until the patient is about to be discharged 

Cranial aerocelc may develop following fracture through the 
sinuses, especnllj the frontal sinus It is produced by the increased 
air pressure within the nasal caxity when the patient sneezes or 
blow s the nose At this time nir and bacteria may be forced through 
the fracture into the cranial ca\ity Tlie pocket containing the 
air will appear on the film as an area of markedly diminished 
densitj, usuallj m the frontal r^on 

Vertebras —Fracture lines are rarely seen m the bodies of ver- 
tebra? Abnormahtj m outline or in relations of neighboring 
vertebra? is the usual finding, lateral views should alwajs be taken 
Tins subject is discussed in Chapter VI 

Pelvis — 'Ihe examination of this region should consist of a set 
of stereoscopic films large enough to include the entire pelvis and 
both hip jomts 'Ihe routine position is to have the patient supine 
with the film behind and tube m front In man> cases it is desir- 
able to supplement this with posterio anterior and lateral views 
The films should be of sufficientlj good quality to show bone detail 
and should be free from blurring due to motion 

Pelvic fractures are usualb due to violent injuries They are 
freqiientb multiple and often cause considerable deformity The 
regions about the sacro iliac joints and the sionphysis pubis are 
most coramonb invohevl Tvpical injuries are fracture or dislo- 
cation of the pubis associated with separation of a sacro-ihac joint 
or fracture of the sacrum or ilium near it Persons struck by auto- 
mobiles often show fractures in tlie pubic region The femoral head 
may be driv en into the peh is carrying the inner wall of the acetabu- 
lum before it 

Fractures of the ilium appear assharplj defined tines of diminished 
density and may be stellate 

Gas in the colon or rectum may simulate or obscure a fracture 
These shadows are not constant and can be ruled out by repeated 
examinations Bloodvessel grooves m the ilium may also be a 
source of error Their situation, branching character and bilateral 
occurrence should identify them The epiphyses of the pelvis are 
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among the last to unite, reznaining open until tz\ enty to twenty-fi^ e 
> ears of age. Thb fact should be kept in mind in interpreting films 
of young patients. 

Fractures of the jjehis, like those of other flat bones, heal ^vith 
little or no callus formation and, except when the peh is is deformed, 
Iea\ e no e\ idence upon the roentgent^am. 

Ribs. — Fractures of the ribs are usually obidous, but may be oi er« 
looked in the overlapping axillarj' shadow s Slight rotation of the 
patient may bring the injured area into clear \iew. Views with 
films both anterior and posterior to the patient should be a routine 
procedure in all rib injuries Fracture of the costal cartilage raaj 
occur and ghe no e\ idence on 
the roentgenogram unless the 
cartilage is calcified. Cartilages 
which are partially calcified 
show breaks running obliqueli 
or irregularlj through them 
where calcification has not oc- 
curred These should not be 
mistaken for fractures 

Carpus.— The bones usuallj 
inxolved, in the order of fre- 
quency, are the scaphoid, cunei- 
form and magnum These frac- 
tures are often associated with 
those of the radius and ulna, 
and should not be overlooked 
by exclusi>e attention to the 
latter. In case of doubt, it is 
ad\ isable to secure films of both 
wrists in sjonmetrical piKition 
for comparison. It is necessarj 
to ha\eanteroposterior,posten>- 
anterior and oblique films of the wrist to demonstrate some frac- 
tures of the scaphoid, as the injury may show on onl.\ one film of 
the three. If there is any question about the diagnosis, a semi- 
lateral should be taken, with the hand resting on the ulnar side. 

Colics’ Fracture.—Films for tlie stuily of this injurx" should repre- 
sent accurate anteroposterior and lateral \iews at the Ie\el of the 
lesion, otherwise erroneous conclusions regarding the amount of 
deformity may lie draw n. After the anm has been place<l in splints 



Fio 15 — Fracture of the scaphoid 
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or plaster, it may be necessary to employ fluoroscopy to determine 
the proper position for a correct 

The usual deformitj m this common injury is a compression of 
the posterior margmoftheradins, which results m a backward tilting 
of the articular surface as seen m the lateral \ ie\\ After reduction, 
the former relations of the stvloid processes of the radius and ulna 
should be restored and the plane of the articular surfaces brought 
back as closely as possible to the normal position 

Old fractures are distinguished from recent ones by the presence 
of rarefaction and the absence of a distinct fracture line 



Elbow —Anteroposterior and lateral views are Usually sufficient 
In the former the arm should be completelv extended in the latter, 
flexed to a right angle Fr ictures in this region frequently inv olve 
the joint The roentgeni^jraphic interpretation should include a 
statement as to the presence or absence of joint involvement, as 
this maj influence the treatment Errors in interpretation are 
most often due to the presence of epiphjseal lines For this reason, 
similar films of the opposite arm are desirable 

Fractures here m the order of frequency are supracondylar 
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fractures of the humerus fractures of olecranon head of radius and 
coronoid process 7he tno latter injuries maj occur without a 
great deal of displacement and maj be oaerlooked unless thej are 
carefulh searched for on films in seaenil planes Fracture of the 
ulna IS sometimes accompanied b\ an unrecognized dislocation of 
the head of the radius the elborv should alI^a^s be included alien 
a fracture of the ulna is being radiographed 

Shoulder — The best \iew of the head of the humerus is obtained 
with the tube centered abo\e and to the 
inner side of the joint m order to dis 
place the head of the humerusdowainard 
and out^ ard from beneath the acromion 
This is also the best position to bnog out 
the region of the subdeltoid bursa Films 
should be made both mth the hand Ijing 
palm up and palm dowi thus gmng tno 
projections of the head of the humerus 
at right angles to each other To show 
the acromion and neck of the scapula 
the tube should be centered considcrabK 
belo^ the joint 

The epiph\ seal lines here as m the 
elbon joint make interpretation dilfi 
cult and films of the opposite shoulder 
should be taken for comparison Itmaa 
be noted that the epiplij sis for the outer 
end of the acromion process does not 
unite until the age of twenty (see Fig 
IS) Calcification m the region of the 
subacromial or subdeltoid bursa ma\ 
simulate a fracture of the greater tuber " 

osit\ The shadow of calcification is 

1 oweaer more dense and irregular than that of bone and it does 
not have a trabeculatcd structure 

Fractures of the anatomical and surgical necks are usuallj the 
result of falls and thev maj or niaj not be impacterL Stereoscopic 
observation of this region or a vertical view is alwavo recommended 
for the recognition of the true relation of the fragments 

Iraetures of tlie scapula arc often overlooked on single films 
Films from different angles including a tangential view of the I odv 
and stereoscopic examination will minmnze this error 
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Tarsus — Fractures of the os calcis are the most frequent They 
produce more or less disturbance in the normal structure consequent 
upon crushing of the spongy Iwne and deformitj of outline The 
line of fracture is seldom seen m later Mews The examination for 
suspected injuries to the os calas should alwavs include a sur\ej of 
the posterior liahes of both calces made with the film behind the 
ankle, the patient Ij ing on his back and the incident ra> entering 
obliquelv well down on the sole of the foot If the patient is able 
to stand the film is placed beneath the heel and the tube centered 



1 


\crtical projection Aotcropostenor view 

Fig 18 —Fracture of the anstomiral neck ot the humeru* alone the epiphyseal 
line Note that the anteroposlenor view does not ind cate the amount of deformity 

prcient Epfphyri* for the Op of the arronuon at A ehould not he miatalicn for 
a fracture 


behind the knees The best \ lew of all the tarsal bones is secured 
V, ith a film in contact with the dorsum of the foot the incident raj s 
entering through the sole from the inner side 
Fracture of the astragalus and cuboid are next to those of the 
calcis in frequency The posterior extension of the astragalus occa- 
‘lonallj occurs as a separate bone calletl the tngonura (Fig 11) As 
a rule, this condition is bilateral Wicne\ er a fracture m this region 
Is suspected films of the other ankle should be taken Another 
anatomic \ariation of the foot which may lead to an error in diag- 
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nosis IS the presence of a separate ossification center at the bn<!e of 
the fifth metatarsal This is aJso iisinllv biJiten) 

Pott s Fracture —In this common fracture antero-postenor and 
lateral \ie^s are usuallj sufficient but this rather simple mjur\ is 
frequently complicated by fractures of the internal malleolus or 
posterior surface of the tibia and these injuries should ahya\s be 
looked for In am fracture of the tibn it is essential that the 
fibula be explored throughout its extent in order to a\oid ini»sinp 
breaks nhich occur at a different Ie\el from that of the tibial injurj 



F Q 19 —Fracture of the neck of the femur h outward rolal on of the shaft upon 
the head 

The essentials in reduction of a Pott s fracture are that the n eight 
bearing line and the joint margins be restored accurately and that 
the foot be shghtlj iny erted 

Knee “^^lth good films taken in tl e anteroposterior and lateral 
positions it IS usually possible to xisualize the line of fracture and 
to determine yilitther or not it imolyes tl e joint Cartilage is not 
of sufficient density tofjc distinguished from «oft li ‘'ue and injuries 
myohing this structure such as a di placetl semilunar cartilage or 
separation of articular cartilage from the coiidyks arc not demon 
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stnble except in those cases where a small fragment of bone has 
accompanied the displaced cartilage or cases of long duration where 
calcification has occiirn.d in the cartilage 
Fractures of the patella may be either transverse with wide 
separation of tlie fragments longitudinal or stellate Shelving 
fractures of the upper and lower margins may result from division 
of the attachment of the patellar tendon These injuries ma> be 
closelv simulated In an anatomic variation due to the persistence 
of separate centers of ossifica 
tion whicli do not fuse with the 
bodj Thej usually he along 
the upper and outer margins 
but at times tfie^ occuron both 
the outer and inner margins 
Ihcv have smooth surfaces and 
a fairh good cortex on the side 
toward the hodj as distin 
guishcd from the absence of a 
cortex in fractures Further 
more since the condition 13 fre 
quentfv lufateral both knees 
should he taken for comparison 
Ihe patella normalK presents 
grooves and ridges on its anter 
lor surface w Inch must not be 
mistaken for fractures 
Vertical projections of the 
patella made with the knee and 
thigh flexed a film against tl c 
antcri »r surface of the tilna 
ami the tube centered above 
ind 111 front of the hijj will 
give information m cases of vertical fractures which cannot be 
secured in anv other waj 

Hij) — The line of fracture mav or mav not be visible It may 
appear as a line of increased or dinnntslied density depending upon 
whether or not impaction is present Care should be taken to 
obtain a true anteroposterior view If tlie femur is rotated the 
shadow of its neck will Ikj shortened and distorted To ensure this 
position it IS onh neccssarv to make certain that the patients 
foot lies in the anteroposterior plane <luring the exposure 
To determine the extent of aiitert posterior displacement it is 
necessary to have v ertical films 



Tig 20— Vert cal v ew of Ibe Sami' 
fracture show ng ll c r tat on of the head 
to the neck 
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\ ertical ^ le^\ s of the neck of the femur are best made as a routine 
with the sound leg dropped off the ndiographic table The injured 
foot IS mvcrtcfl as far as possible and the incident ra\s defined 
a small cone enter the inner surface of the mjurctl thigh clo«e to 
the perineum The\ are directed along a line parallel to and I inch 
beIor\ Pouparts ligament in the median plane of the thigh The 
cassette is 1 el 1 parallel to the neck of the femur abo\ e the iliac crest 



Fjo ‘*1 O d unun ted fracture of the neck of the femur Note the abwr] t on of 
the neck and tl e absence of callus forraa on 

In the operating room shock proof appantus must be used and 
tbe tide placetl betttc*en the patients legs mIiicIi are abducted 
This \!ew u most important as it enables tbe surgeon to determine 
the position of the fraj^ments of the neck after rctluction and to 
control tl 0 positi ii of pins or other nppantus u«ed for fixing the 
fragments This \r\\ resells the extent of the anteroposterior 
displacement tl c nmutmt of comminution in intertrochanteric 
fractures and tl e relatnc position of the 1 ead and neck m intra 
capsular injuries It is particularh useful m dclcmuning the posi 
tion of the 1 ead in cases of shppetl epipln'^es m adolescents 
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\Mien fracture of the femur occurs above the intertrochanteric 
line it IS ^MthI^ the joint capsule and heals ^Mthollt the formation 
of \ isihle callus \\ hen there is anj displacement of the fragments, 
there will be a disturbance of the smooth regular cur\e formed by 
the upper margin of the obturator foramen the inferior border of 
the neck of the femur and the inner margin of the shaft 



rio — Green,! ck fracture of tb« t b a and fibula w th cons derable callus 

format on tuggee! ng per ostit s 


In the prognosis of hip fractures thepossibilit\ of failure of union 
and of absorption of the neck of the femur must alwavs be kept in 
mind 

iht \italitj of tliL he 1 1 tan le iiiftmd from its dcnsitv A 
I lable head w ill liccomt decakifietl 1 1 tJie same degree as the sur 
rounding 1 out while if iKt »h\e its densit\ will It equal to or 
greater tlian tl at of normal I one 

Long Bones —Fractures of these boms usualK present all the 
roentgenograpluc et idence of fracture namcK a fracture line a 
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break in outline and defonnit\ An exception is the greenstick 
fracture of childhood m ^hicli buckling of the cortex occurs and 
the line of fracture is absent or seen as a line of increased dcnstt^ 
As healing takes place m these fractures tl ere is the formation of 
a xanable amount of callus lor this rea on a lesion which has 
been oxerl joked at the first exiinination iiia\ 1 econie Msible at a 
later one 



Antpropo-tw or > c«r Lntpral ew 

Fio "1 — ‘^ubper ottpal fracture of the t b a The I nc of fracture is not v s b e 
but there a a defia to break in out! no a the anteroposterior cw on y 


In order to obtain undistortetl xiews of the«e injuries the tube 
should be centered o^c^ tic frteture witli its central rax at right 
angles to the lon^ diameter of the bone otherwise foreshortening 
xxall occur and the deformitx will l»c exaggcratetl In iropcrb 
taken films tlie amount of deformitx usualb appears less than it 
actualh is for onlx occasionallx do the central raxs form a right 
angle xxith the point of greatest dcfomulx Films taken to demon 
strate the result of corrects c procetlurcs si i uld as far as possil le 
be made iii the same position as llie preeefling oi es 
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Tractutes leaiiily occur e\en on TOUscular exertion where the 
bone has l)eeii weakened bj the presence of cjsts malignant disease 
or a constitutional disease such as osteomalacia or osteopsathj rosis 
and in Paget s disease Ihcse fractures usually heal well except 
those tlirough malignant tissue and even thej ma\ heal tempo 
rarily if the diseased area rcceiara ade{|uate x ra\ tlurap3 
Tractures maj occur as a result of an improper relation between 
overstress and sdaptabilitj of bone The most common example 
of which IS the so called march foot occurring m recruits who 



Without prehmmari training aresuddenU subjected to the extreme 
oi erstress of forced marches The affected bones in the order of 
frequence of occurrence are the metatareal bones frequently mul 
tiple shown as a fine fissure with or without excessive periosteal 
reaction fractures of the tibia m the upper third of the bone fre- 
quentlj bilateral fractures of the spinous process of the sexenth 
cerxical and first dorsal xertebne in unskilled laborers shoielers 
disease and spondjlobsthesis of the fourth and fiftli lumbar ver 
tebras occurring in miners 





Fio Zi — CoDgen UI d sloc^t od of left 1 p 

In posterior dislocation of the shoulder the anteropo tenor mow 
shovis onh a slight widening of the spate het^veen the anterior 
margin of tlie ^:lcnoid and the articular surface of the luimerua 
Stereoscopic films or a \ertical projection will demonstrate that 
the htad of the humerus is rotated Imkwanl with the ksser tuber 
oslt^ 111 tl c glenoi 1 and the main portion of the 1 ead behind the 
scapula 

In the elbow the t^•plcal lesions arc backward displacement of 
the ulna and radius upon the humerus or anterior dislocation of t! e 
head of the radius ihe latter is often associate<l with fracture of 
the shaft of the ulna 

In the carpus dislocations ma\ be su^jwctcil when the antero- 
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DISLOCATIONS 

Dislocations are most common in the shoulder elbow WTist uid 
hips In the larger joints there is ne\er an> doubt about the 
diagnosis except in posterior dislocations of the shoulder 
Subconcoul dislocitions of the shoulder frtxiuenth ha\e an asso- 
ciated fracture of the greater tuhcrosit\ which i» reduced when the 
head of the humerus is replaceif 
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posterior view shows a loss of the normal clear zone of articular 
cartilage about an individual hone This is due to the fact that it 
overlaps one or more of the adjoining iiones The semilunar bone 
IS the one most commonlj affected Ihe condition is readilj 
demonstrated by a literal view 

Dislocations mav occur at anj joint Ihev ire usually obvious 
and require no particular description In inv dislocation careful 
search should be made after revliictioii as well as before, for asso- 
ciated fractures which mav have been overlooketl 



Fio 2S — ^parat on of fptDorsI epii b\s «foUo«iDeel l^t trauma Perfect rri>o« tiou 
b} abd etuM) an I romplcle healing 


Dislocation of the hip inaj W congenital or aiquiretl The latter 
IS a rare finding occurring usuallv in voung adults after severe 
trauma and mav In. posterior or anttnor, lateral views arc essential 
The congenital form mav bt single or double and is characterized 
bv shallowness of the acetabulum displacement of the head of the 
femur ujiward and backwanl upon the ilmm flattening and defor- 
mitv of the head external rotation of the head and neck upon 
the shaft of the femur, and the fonnation of a false acetabulum 




GS IRACTURVS AND OmOCATIOXS 

Epiphyseal Separations generally invoUe a fragment of the adjoin- 
ing shift When vnaccomp’imed by a fracture of the shaft the> 
can only be diagnosed by the abnornial relations of the epiphjses 
which niaj be slightly tltsplaccfl Iilms of sjuimetricil parts 
should alw a^ s be taken to check these findings W hen these sepa 
rations are promptly and icturatcly rcfilaccd there is rarely any 
interference with the growth of the hone 
Some children who art ttsualh overweight develop a spontaneous 
separation of the head of the femur In such individuals it is usual 
to find the epiphvseal zone of the opposite hip wide and somewhat 
hazN or ragged indicating an iinderlv mg disturbance of ossification 
The head of the femur inav he floated free from the shaft and 
become a sequeatrum as the result of an acute infection m joung 
children 
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130\T PATIIOIXX}\ 

Norjkl bones are smooth and regular m outline e\ccpt at muscle 
attachments nie cortex is homogeneous and the cinccllous tissue 
IS of uniform consistcncx The thickness of the cortex and the 
texture of the spong\ bone xar\ cvnsiderablv witli tlie mdiMdual 
1 he cortex is thickcat along the center of the shaft of the long bones 
(hminisbmg toiiard the ends to a thin Imt tthich continues bcncatli 
the articular cartilage The roentgenologist sJiouJd liaie a good 
idea of the normal thickness of the cortex of each individual bone 
Bono di'ea«e manifests itself hv changes m size outline and 
densitv ^ anous forms and combinations of these changes result 
from tlie action of pathologic agents so that it is often difRcult 
from the roentgen findings alone to identifv positivclv the causative 
factor I or tins reason the clinical historv should nhvavs he com 
biiiefl with tlie roentgen findings in making a diagnosis 
Bones are increase<l in sire in ostcoinvehtis tumors Paget sdis- 
ease svphilis and cvstic disease Tliev are diminislietl m size as a 
result of trophic disturbances paralj sis chronic disease of neighbor 
mg joints and dev clopmental anoinahes Clianges m outline result 
from periosteal deposits callus formation and tumors 
Changes m densitj mav be either local or diffuse Diminishwl 
dcnsitv (increased radiabilitv) occurs as a result of disuse infection 
or actual destruction from involvement bv tumor evst or surgical 
intervention Increased dcnsitv occurs as a diffuse process m old 
osteomyelitis syphilis Paget s disease and oateosclerosiv It 
IS found locallv about low grade infections and carcinomatous 
metastases of slow dev elopment 

In the presence of a pathologic process m bone the following 
points should be determine*! fl} what bones are involved and 
what part of each bone (2) whether the process is pnmarilv within 
the cortex or witbm the meilulla (3) whether its margins are sharjilv 
defined or otbcrw ise (4) is the lesion confined to the shaft or does it 
invade the cpiphv SIS or joint (o) is it destructive proliferative or 
both (G) is there associated disease of the soft parts’ (7) age of the 
patient (8) duration of svmptoms 
Periosteal New Bone Formation. — Periosteal new lione formation 
13 due to anv fonn of irritation— most commonly an mfiaramatorv 

(50) 
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process jn its vicinitj Sometimes tlie cirliest evidence of a low- 
grade osteomjelitis is the presence of a slight periosteal elevation 
0 % erl> ing it The same is true of neighboring soft tissue infections 
Luetic periostitis is well known, but the fact that tuberculous bone 
lesions maj at times cause periosteal proliferation is not generallj 
recognized An> of the fon grade infections, such as typhoid, 
actinomjcosis, Icprosj, jaws and coccidiosis mav cause localized 
or extensile deposits of new bone 
Trauma mthe form of repeated local injuries or extensive bruising 
or stripping up of the membrane will be followed bj calcification 
beneath it Periosteal reaction in callus fonnation is quite tj^iical 
Its presence mav call attention to previously undiagnosed fractures 
Hemorrhage as seen m sciirv > and hemophilia mav be the causattv e 
factor 

There maj he widc-sprcad periosteal proliferation in lues rickets 
and pulmonarv osteo arthropathv \ arious bone tumors cause 
deposits at their margins as a result of irritation or show extensive 
calcification within their substance 

IKFECTIONS 

Osteomyelitis —The characteristics of a pvogenic process are (1) 
a variable amount of destruction of medulla and cortex, (2) an 
extensive reaction of the periosteum wliencvtr involved, and (3) 
sequestration and irregular sclerosis It maj attack anj bone at 
any age 

The process maj exist one or two weeks without producing anv 
changes w hatev er in the shadow of (he affecterl hone, and then areas 
of diminished densitj will apjvear at the site of involvement Pro- 
liferation of the periosteum occursasa result of irritation beneath it, 
and may become extensive as more of the bone is involved, leading 
ultimatelj to the formation of a shell of new bone, the inv olucrum, 
about the necrotic mass of the old shaft, which then becomes a 
sequestrum The process may involve onlj a portion of the shaft, 
m which case a vanahle amount ol irregular sclerosis appears about 
the affected area, and small sequestm maj he seen 
Two atypical forms are the virulent or fulminating type, and the 
non virulent bone abscess The former may giv e very little positive 
roentgen evidence or it mav show extensne irregular raietacUOTi 
throughout the bone with elevation and thickening of the peri- 
osteum but no sclerosis or new bone formation The clinical 
picture is obvious The non-virulent type shows a circumscribed 


Flo ”0 — Oatcomjel tis of ef aft of femur Note the arcaa of act 'o infect on in 
the medulla at A the in>oIucr\tn formatMR at D and the port on of old cortex 
at C thorrtne the increa ed d ns ty el staeterist c of aoquesinim format on 




Tio 30 — OsteoniydJt s of lo» eiade betivity 


This new bone maj attain considerable thickness in long standing 
lesions and it is often laminated This appearance has been mis- 
taken for malignant disease of bone 
Tuberculosis —This disease appears in the hones as a slowlj 
progressi\e, local destructive process with little or no regener- 
ation It most commonlv attacks the joints or epiphj ses m j oiing 
individuals and is le'is common in the shaft The early stages 
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raa\ show merc!\ effusion m the affectetl joint, hut rarehction of 
the neighboring bones soon occurs rcsiihing m the characteristic 
blurred, bazi picture with Joss of detail, anti, fitrliaps Jocil areas 
of destruction m the afTcctod epiphjses or joint margins In the 
carpus and tatsus, this rarefaction maj be s<-\ ere, so that the bones 
appear of the same dcnsit\ as «oft tissue, with fincl\ pcricilctl 
outlines 



Fia ai — Chronif low gra Ic t ihrrenlosii Note (le e»,fi n*, Bwdliiic ami the 
enlareeiDcnt and •qusnriK of the e( 

Due to chronic sMioviaf irntation, cnfn^'cmciit irid stuiaring of 
the epipln ^ nia\ occur with little or no t \ uleiice of bone destnic- 
tioii Lltiniatcb there is more or less destruction of the joint sur 
faces, resulting in aiiKvlo^is as the process heals Periostitis niav 
tle\clop in the neighltorhood of tiil>ercuIoii3 lesions, particiiIarK 
when <?ccondar\ infection has occurred 

As the procos continues, then, is jnircasiii,^ destruction of the 
siibarticular Ijonc with a tcndiiica to spare the articular tartilagi's. 
On the recntgciiogram, the joint spate H not narrowed nn<l ina\ c\ en 
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be w idenetl if a considerable amount of fluid is present In pj ogenic 
infection earlj destruction of the joint cartilage is the rule, and the 
joint space is narrowed 

In children destructive and proliferative lesions m the long 
bones suggestive of syphilis are sometimes encountered 
Localized tuberculous pockets are also seen in the medulla near 
the ends of the long bones, particuhrlj the tibia and femur There 
IS nothing about their appearance to distinguish them from any 



Fis 3 ’ — Tubrrculos a of theacctab ilumabowing th« characteristic scalloped marem 

other lon-grade inlection Osteomvtlitis or siphilis niJI produce 
identtcai lesions 

Tuberculous processes are prone to develop in multiple foci which 
fuse, giving a lobulated appearance to the outline of the diseased 
area (see I igs 32 and 34) which is diagnostic 
In the spine tuberculosis usuallv begins m the neighborhood of 
the interverteliral discs, and destrovs the adjacent bo<lj or bodies 
causing them to collapse, and thus produce a kj phos Tlie affected 
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portion of tlie spine is often surrounded In the fiisiforui sindow of a 
prevertebral abscess uhicli later ina\ show c\ndence of calcification 
Tuberculosis of the sacroiliac joint is extremelj nre as a primarv 
lesion It 13 usuallv part of a generalizetl process and occurs more 
often in ^ oung adults than in cliildrcn 
Although tuberculosis is usually a di<case of childhood it should 
not be forgotten that it is common in the age<l 



Fio 33 —Early tubcrculoiu of the h p Note the tl shll> eolareed ep phj'tis of 
the femur and the bcginn ok deatnict on in the acetabulum aboi e it 

Canea sicca is a slow dostnictitc process vtluch is most common 
m the shoulder? It causes trrcgiilar ctoaion of the joint surfaces and 
the epiphtseal end of the humerus 

Dactjhtis (spina yentosa) is charactenzed bj considerable 
increase in the diameter of the diseascti phalanx which shows 
extensne areas of destruction in the mctIulK Tlie cortex ma> lie 
5 




66 


DONE PATHOLOGY 


somewhat tlim, or slightly increased in thickness. This condition 
is differentiated from s^iihilitic dactylitis by the fact that the 
enlargement in the latter is due to periosteal proliferation, ith the 
formation of a collar of new bone outside of tlie old cortex and com- 
paratively little invohement trf the medulla. However, differentia- 
tion of the t\\ 0 conditions is at times extremely difficult from the 
roentgenogram alone. 



Fio — The »arae hip as shown In Fig 3T taken se\en montla later (with no 
treatment m the interim) There is now rxtensne destruction of the acetabulum and 
head of femur with a small abscess cxlending into the pehis The head of the femur 
baa been diaplaced inward Note the imgaiaHy scalloped appearance of the 
superior tnsrgin of the aretabulnm 


Syphilis — bjphilis of bone is a destructive and proliferative pro- 
cess, assuming varied forms which may simulate other conditions 
It attacks am fume at any age Its commoiip^t manifestations 
are periostitis and irregular areas of destruction 

Periostitis is usually limitcil to the shaft, and extends to the 
epiphyseal lines. The picture vanes according to the age and 
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actu 5t\ of tlie process. (Fij: 41) ^\^^cn acute, the npptarancc is 

that of multiple fhstinct, thin lamintc laid down upon the old cortex 
As the condition becomes more chronic, thc«e lamina; become 
thicker and more compact, so that ultiinatelj the area inxohcd 
becomes as den'^c as the normal cortex At tlie same time, the 
surface loses its frinpv character and becomes smooth, although it 
maj be more or less irregular Tliis increase in thickness of tlie 
cortex will often Ri\e an ap])earaiice of bowing, as is «cen in the 
soKUilled “‘saber shin ’’ It should be noted that this thickening 
of the cfjftex usuallj occurs on tlie convex ‘^rde of the curve, whereas 



Fia 3S —Canes sieca Note tbe destruction of tho bead of the humerus 

in rickets it appears on the concave Mdc There is often an endos- 
teal proliferation with mrrowiiig of the inetiullarj niial 

Periostitis maj rI«o occur as vmall, locat xlcx ations of the jKnov 
tcum (bone blisters) nc ir the ends of the long bones, or rnaj as-^iime 
the fonnof multiple <onfhient,small Iili'itcrs Tlitre is another tjpe 
of lc«ioti, a ‘virt of Heework i«ttem, which coif-ists of strands of 
calaficd matt rial which runout at right angles to tlie c-ortexand arch 
together at their tcnniii itioiis Kunning tliroiigh tins pattern, 
parallel to the shaft and inidwav irctwccn the cortex and the ptriph- 
cr\ , there arc definite thin sheets of calafication At the margiiw of 
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Alore or less sliarph circ«mscnl)«I areas of iticrcase<l radnliilitx 
maj be found in tht neiv penosteil lionc ( tt. 1 37 and 30) 
Svpluhs and aiws art, tbe onI\ distils kiioun to h\ down 
periosteal new boric and then e^ca\ntc mrefierl areas within it 



Tio 3s — Comton tal fjphl * a a fo ir montl«-olJ rb 1<1 Tbpre o a I n» of <1 m n 
ist dens ly just i rox msl to the ei pb}»e-«l I oe nd eated I j the arrows the so- 
called }uxta-e] phy seal s) pi Its There is also a ceneral xed penostea] pr I ferat n 
characlenst c of ll s 1 «ease 


Irregular areas of destruction ina\ occur m an\ bone usually as 
a result of gummatous changes (I ig -10) In tl e skull the picture 
13 striking and represents t uncbctl-out anas imohing l>oth the 
outer and the inner tal lea or multiple moth-eaten patches In the 
long bones guinmata are generally as^w-iated with ptnosteal 
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clnnj^es altlioiigli at times a bone ma\ be riddleii with these areas 
of rarefaction and si ow onU slight periosteal change fins is par 
ticiiIarK conmion in the acaite cases In children a common picture 


IS the jiixti-epiplnseal lesion 
which occurs in the diaph\sis 
near tie epiph\seal line It is 
characterized at first b\ an irreg 
iilar loss of substance close to tl e 
epiphjseal line and perhaps a 
slight periostitis ^^ith healing 
the affected area becomes scler 
osetl leading to tl e formation of 
a white line at the epiplissis 
which IS thicker than that seen 
in scorbutus As a result of this 
process there iiia\ be a charac 
tenstic angulation of the epiplia 
si» upon the shaft due to con 
traction of the diseased area or 
interference with growth at this 
]>omt 

Joint lesions maj be unilateral 
or sjanmctncal Ordinartlj little 
13 seen bevond an increase in 
densits in the soft parts due to 
effusion and sjaiosaal thicken ng 
Later on low rounded liJT^er 
trophic growths ma> appear about 
tile margins of these joints Fx 
tensue destructive processes some- 
times occur m the epiphvses of 
long bones in children caiisiiig 
considerable deforraitv an 1 mav 
Le mistaken for tukerciilosis 
In the spme lues causes the 



Fia 41 — Sj-phil t c per oslitu 


destruction of one or more bodies 
generally preserving the mterver 
tebral discs The affected area is 


ikh h re<en btes o3tc t a deformans 
Note the nhsonce of entargement of 
the ep phi s of tho t b a 


often surrounded bj calcified masses of detritus. Extensive hjper 
trophic changes are seen on the neighlioring v ertebre 

Typhoid —The lesions m bone due to the tvphoid hatillua arc 
destructive and proliferative usuallv occurring in earlj a hilt life 
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They are cliaracterized bj circumscnbcd areas of destruction in 
the ribs, the margins of vertebral bodies, and, occasionally, the 
cortex of long bones There may be a local periostitis, and, at 
times, extensive irregular periostitis indistinguishable from that of 
syphilis In the spine, the first roentgen ev idence generally appears 
at an Interval of weeks or months after the onset of symptoms, at 
nlnch time a small area of destruction may' appear in the comer of 
a vertebra close to the disc Subsequently coarse hypertrophic 
bridges may appear about this area, with thinning of the disc, or 
the intervertebral cartilage may be destroy eil, with a resulting fusion 
of the adjacent v ertebrie 



Yaws — Yaws is a chronic tropical disease which manifests itself 
ui the early cases (one to two years) in the form of multiple oval 
areas of rarefaction scattered through the long bones. These areas 
vary in size and degree of translucency A characteristic finding b 
the presence of these cavities within the cortex, often just beneath 
the periosteum which may be slightly' elevated and thickened over 
the lesion. The process also attacks the articular surfaces with 
erosion of the bone beneath the cartilage, and considerable deform- 
ity if the process is extensive. In the chronic cases, there is marked 
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irregularity in size and outline of the bones, and considerable 
shortening, if the epiphjses ha\e been in\ohefl. 

Actinomycosis. — Actinomycosis causes a chronic osteomyelitis. 
It usually occurs in the ja\\ , but may invade the vertebra?, nbs or 
ilium. It is characterized by its 
slow course, and by the pro- 
nounced proliferation of bone, 
with the resulting general in- 
crease in density 
Madura Toot — Madura foot is 
a rare disease of the tarsal bones, 
resembling actinomycosis It 
runs a course of years with ex- 
tensive destruction and new 
bone formation 
Coccidioais.— Coccidiosis is a 
chronic granuloma due to the 
Oldium coccidium It usually 
occurs in patients living m the 
central v alley s of Califoniia and 
appears first in the bones of the 
pelvis and extremities It is 
most commonly confused with 
tuberculosis or malignant dis- 
ease It does not attack joints as 
frequently as tuberculosis, and 
the clinical course mil usually 
differentiate it from malignant 
disease. Involved areas show 
irregular destruction sometimes 
accompanied by mild or marked 
periosteal lesions, suggesting 
syphilitic periostitis 
Leprosy. — ^Leprosy is charac- 
terized in its early stages by bone 
atrophy of the tenninal pha- 
langes, and a variable amount 
of periostitis. As tlie di«icase progresses, these plial.inges disappear, 
and tliere is a progressive involvement of the other phalanges 
Smallpox. — In smallpox destructive lesions have been noted in 
the joints and epiphyseal ends of the long bones, resulting in anky- 
losis of the joints affected. 



Tia 43 — Coccidioaia in a diad. 
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Parasites —rdijnotoccus tjsts mi\ occur in bone, causing 
indefinite nrcfaction m tlic mitliitla ttliitli ina\ lie mistaken for 
osteomyelitis or osteosartnim Ihe usii il sites arc iln sacrum 
femur hunitrus or tiliia \ cist liis been reportcal in wliicli a 
lumbar atrttbr i uas 

Phosphorus Poisoiung — Pb jspliorus iHiisoiiing tiiHCs a tlironit 
osteonwtlitis of tlie jaw inilistmgiiisluldc rotntgenologically from 
tlie ordinarv jnogLnic form 



Tic 41 --Cor<-» I o i «C Cho ill m 


Sarcoid — Jbis not jnfriqucnth jn%Dhe3 tbe bones of the 

Innds and feet ti^ts ha\e l>etn reported in wbith other bones 
ha\e been m\ol\ed bsualh tlie l)one Usions ire associated with 
lesions elsewhere in tlie bo<I\ espctiilh the chest and skin ITiev 
consi'it of alterations in the size and arrangement of the trabecula? 
of one or more bones and of multiple c\st like areas of bone destruc- 
tion usualh seen in the Ixines of fingers or toes the picture may 
resemble somewhat that seen in gout 
Radiation produces a cin necrosis semdar to that seen in phos- 
phorus poisoning It occurs as an industrial hazard m the use of 
radium paint and in patients who lia\t rcceued heavy radium 




powi lUMons 


treatment The bone dies becomes dense liut does not 'JCtiiiestrate 
There IS an absenteof the imolucruin formation ‘.eeii in iihosidiorus 
poisoning and no tcndenc\ to Iitil After liea%'\ irradiation to the 
pel\is spontaneous fractures of the femoral neck nia\ occur 



Fio 45 — Mult pie cartjlunnous exostoses Note the tb n exosto«es on the femur 
due to bone formation sn old rbondromata A large mass of mixed bone and carlt* 
lage has been remo^ed at A 


BONE TUMORS 

In the stud\ of hone neoilasms, tlic most important question to 
decide is ithethcr the lesion is benign or malignant This maj 
I>e a matter of considerable diiHeulta ^^Jtli increasing exjierience, 
and particularK as a result of the careful work being done bj the 
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Registry of Bone Sarcoma^progresslias been macleto^va^d a rational 
classification of these processes. 

There are many border-Hne and atypical lesions which are not 
clean-ciit either roentgenolopcallj or pathologically. The histo- 
logic appearance of a growth may change considerably during 
its de\elopinent, and specimens from different parts of the same 
tumor may show different characteristics, making the diagnosis 
from a single specimen unreluible 



Fjo 40 — CXsteochondronia of Vie Ubia Note the lobulated appearance of lUa 
tumor and that it haa a pedidc 

Benign Lesions. 

Exostoses — E\osfoscs are merelj' irregular extensions of normal 
bone into the surrounding tissues They are characterized by \ery 
slow development, by the fact that their structure is that of normal 
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bone, and that they blend into tlie bone at their sitesof origin. They 
may appear in any portion of the sheleton, but are most commonly 
found near the ends of the long bones 
They occur in different shapes, ^arJing from thin, hook-like pro- 
cesses to broad rounded masses. Their structure may be ivory- 
like or spong\'. 



Fio 47 — !Uultipic pnehondromata 


Multiple Cartilaginous Exostoses —Multiple cartilaginous exostoses 
are an hereditary anomaly of growth, in which irregular outgrowths 
of cartilage and bone appear in the regions of the cpiphjseal lines 
These tumors usuallj in\ohe man% of the long bones, causing 
considerable deformitj . 

Osteoma and Osteochondroma — Tlic^ are true bone tumors, and 
follow a slow but progre»si\e course. Tliey contain \ariah!e 
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amounts of boneand cartilage,and are classified accordinglj Thej 
arise from tlie corte\ upon i broad base or narrov, pedicle, and often 
present a cauliflower liXe appearance with transparent nodules of 
cartilage scattered throughout the mass Ihes ^e^e^ in\ade bone 
but ma\ <lest^o^ it b^ pressure 

Enchonclroniata — Enehondromala cause irregular asimmetrica! 
enlargements of bone Thc\ are iisualh multiple but ina\ occur 
Singh and are most common in the hands feet and long bones 
where the\ deiclop near the ends of the shafts There is consider- 
able distortion in the oiiffme as a result of tumor growth, with or 
without thinning of the cortex and the trabecule of the medulla 



Flo 48 — Ben gn eiant-cell tbo anngstue shomne the character lie tra- 

beculae OR 8Qij (he ab<enc« ol intol ement of (be jo nta anii soft (iseuea. 

ma> be replaced In a homogeneous j»utt\ like shadow or b^ mul 
tiple small rounded areas of rarefaction In extensne tumors 
the thinning of the cortex mav he so extreme that it is reduced to 
small thm flikes of bone on the periphery of the growth which in 
a single film arc projected upon the tumor and must be differen 
tnted from calcification avilhm the growth fliondromata ina% be 
confused with giant-<cll tumors md macloinata 
( alcification in cnchondroiData k responsible for some of the 
irregular stra«d> of laioSet} natena) /omxj at tmes in the mediiVa 
of the long bones particularlv the lower third of the femur 
Giant-cell Tumors -Giant-cell tumors o<xur most often between 
the ages of fifteen and tliirtx iheir faconte locations are the lower 
ends of the radius and femur, upper end of the tibia xertebral 
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bodies, pelns, mandible, ant! tarsus Tiie\ are the most common 
tumors about the knee-joint in joung adults These tumors are 
of slow groTvtb The\ do not invade the regional Ijinph ghnds, or 
metastasize to distant parts, and neither do thev recur after remo^ al, 
except m rare instances Thc\ ina\ extend along fascial and mus- 
cular planes into adjacent bones or protrude into a joint, but do 
not in\ ade the surrounding tiasucb 

In rare instances giant-ctll tumors hn%e become malignant after 
curcttement or irradiation In the roentgenogram these tumors 
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Fjc 49 — Giant-cell tumor 


appear as a ceiitnl, single lesion in the cpiplivsnl end of a long 
bone, or occupj mg most of the substance of a nneellous bone One 
rareK sees simple t\sts m nneellous liont or gniit-etll tiimop*i 
outside of it The\ tend to grow ctjuilh in all directions, but in a 
number of cases tlie greatest extent is along the me<hi!Iar\ canal, 
the path of least resistance 'riiert is a bulging of tlit cortex, rarelv 
a break The intact oortex is an iinjiortaiit point in dilferentiating 
the benign from the malignant tumors The soft tissues are not 
invaded except in cases where a fracture has occurred The process 
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are not trabetulated and seldom expand tl e bone The process is 
entlrelj wtlim the shaft and spreads longitudinally in the medulla 
without involving the cortex which however may be considerably 
thinned from pressure There is no deformity in outline unless a 
fracture has occurred Spontaneous fractures are often the first 
indication of the presence of a lesion and thev are usiiaU^ followed 
bj extensive cxllus formation and disappearance of the evst 



F o 53 — O te lis Tbrosa 

Osteitis Fibrosa — Allied tc cjsticd sense is a rare condition which 
raaj involve one or all of the bones It consists in the replacement 
of the normal structure b> irregular strands of trabecul® enclosing 
Diuhipie c} sts which varvm size and shape There is considerable 
expansion of the bone and spontaneous fractures are common as 
the result of the thinning of the cortex There is no periosteal pro 
liferation This condition is most common m the femur Some 
cases resemble mveloma other cases show an appearance verj 
similar to oste tis deformans \nv pat ci t sluwiig tie presence 
of one or more bt i e cv sts si oi 1 11 e carefulh examine 1 for evxdcnce 
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of pnrathvroid tumors or disturbances in cnlcium or pliosphorus 
metabolism 

Fibroma —Fibroma is a rare benign growth v\hicli occurs most 
often in the jaw, causing e’qiansion of the bones and thinning of 
the cortex The in\ oh ed area is trabeculated and maj or ma\ not 
show evidence of calcification (calcifvmg fibroma) They ate \erj 
slow growing tumors 

Hemangioma — Hemangiomas are slow growing lesions in spongi 
bone which begin as a rarefied area with haz\ trabcculT suggesting 
a giant-cell tumor In older lesions the trabecula, become promi 
nent sufficientlv differentiating the two conditions As the tumor 
grows the cortex 13 expanded with it and thinned while the trabecu 
htions become hca\ ler In the spine thei seldom cause an\ change 
in the outline of the bone but the trabecul'c are rearranged with a 
characteristic accentuation of tlic vertical bands 
Myxoma — 'Mj-xoraata are rare benign tumors usualh «cen in the 
jaw hut sometimes found m other bones cases have been reported 
in which these tumors involved the long bones of the hands also 
the upper ends of the femora In the roentgenograms the lesions 
appear ns localizcxi cv st like areas of bone destruction w ith little or 
no new bone formation Fhej are usuallv mistaken for other evst 
like tumors such as echondromata or giant-cell tumor 
Dyscboadroplasia (Olliers Disease) —A condition closcK associ 
ated with multiple chondromata It isa disturbance of endochondral 
ossification occurring during the growing period of life and is char 
acterized bv shortening and deformitv of the bones involved and bv 
excessiv e irregular accumulation of cartilage at the site of the lesion 

Malignant Bone Tumors 

Pninarj malignant tumors of bone occur in childhood and earlv 
adult life usuallv before the age of thirtv veire thev oftin present 
sjmptoms which mav be misleading such as a historv of injiirv an 
acute onset with pain at iiight a somewhat increa'^ed local and 
general temperature and leukocvtosis 

Osteogenic Sarcoma —‘sarcoma of bone is generaliv a rapn! 
growing tumor which metastasizes carK through the blood stream 
to the lungs The roentgen examination should alwavs include a 
film of the chest as the lungs are a frequent site of earlv extension 
of tins disease \erv few cures hav e been obtained bv nnj method 
of treatment 1 arh diagnosis is of the greatest importance and 
the correct interjiretation of the roentgen finding is perhaps the most 
important factor 
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These tumors ipptir as single lesions m the shafts, of long bones, 
less often in the flit bones Tliej may be osteoblastic, osteolytic 
or both The\ do not cross cartilage or m\ade joints, but do 
destroy the cortex of the imolved bone cnrly , invading the surround 
mg soft tissue producing a soft tissue tumor which is visible on the 
film Ihere are four mam types inatotnically 

1 ribrocelluKr which is chiefly periostea! 

2 Telangiectatic, inxohmg marrow cavity, cortex and perios- 
teum 

3 Sclerosing in\oIvmg all portions of the bone 

4 UndilFcrtritiated sarcomata 





- ' 
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Tio 5-1 E riv osteogen c sarcoma Note the irregular erosion of tlio cortex 
beneath the soft-tissue tun or »» mdirate 1 by the arrows 

Fio S5 — lie snttio case as id Fig 51 (film laLeii biz necks laler) There is 
now a large soft t «sue tumor contain ng ealciHed strands 

Roentgenologicnlly the first tliree tend to merge into one general 
group, as a single neoplasm may show characteristics of all three 
divisions 

FibroceUiilar — This is a tumor arising in the inner layers of 
the periosteum extending along anclenclosing the shaft It remains 
encapsulated by the periosteum for periods varying with the 
character of the growth Tendon insertions offer marked resistance 
to its progress In the earh stages, the roentgen appearance is 
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that of blight erosion and raottlingof the affected cortex, surrounded 
by a soft-tissue swelling, which is quite suggestive of a beginning 
osteomyelitis, \\ith increase in the size of the tumor, the erosion 
of the cortex increases, and periosteal proliferation becomes ev ident 
at the limits of the growth upon the shaft This is a v ery character- 
istic finding. Strands of calcified material are seen radiating out- 
ward through tlie tumor, producing the so-called “ray -formation ” 
This is the form which has been quite generally calle<l “periosteal.” 
Other members of this group show 
more medullary involvement, and 
may' contain a mixture of cartilage 
or mucoid material Tliey are then 
sometimes classified as chondro- or 
myxosarcomata 

7V/awj!>rfatic.— This form is char- 
acterized by an extensive develop- 
ment of bloodv esscls throughout the 
growth, with arteriovenous aneur- 
isms which may be sufficiently laige 
to cause the mass to pulsate As 
might be anticipated, the prognosis 
in this ty pe Is extremely bad Tliere 
is considerable absorption of bone, 
and the lesion advances rapidly. 

Frequently the more solid portions 
of tlie growth show calcified strands 
similar to those seen in the previous 
group. 

Sclerosing . — Tlie appearance of 
these tumors is due to the produc- 
tion of dense bone witliin the tumor, 
so tliat in typical cases a mass of 
ivorv'-like density obliterates the 
marrow cavity', and produces a more or less fusiform swelling about 
the shaft They are generally slow -growing, and, as a rule, do 
not metastasize early. On the film, they present dense, cottony 
shadows resembling somewhat benign osteochondroma, but they do 
not arise from a pedicle, or contain trabeculated bone. 

Undifferentiated . — This group of tumors is entirely osteolytic. 
In tlie roentgenogram, tlicy show only loss of substance, and no 
bone proliferation. Histologically they are composed of rounil cells 
which sliow no tendency to produce a definite structure. 
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Endothelial Myeloma (Evlngs Tumor) — Lndotfielial mjeloma is a 
tumor occurring usually betneen the ages of five and twenty-five 
years It is particularh common in the tibia and fibula 



Tio 57 — OaUossnid i&rcoma Qatoral view) Note the periosteal react o& at A 
(anleropostenor view) 



One form resembles ostet^mc sarcoma and probably is often 
diagnosed as such The lesions are situated somewhat farther from 
the ends of the long bones there 13 more cortical destruction and 
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much more ptriobteal new l>one formation, ^\liicli ma\ appear ni 
laj ers partially or completely surrounding the tumor There may 
be spicules of bone running pcrpendicularl.v to the cortex, but again 
they arc apt to be heavier than those seen in osteogenic sarcoma. 

Another form of this tumor, illustrated in Fig. 5S, produces a 
fairly uniform expansion of the affected bone and a coarse trabecular 
structure behind an aiKancing arc.a of rarefaction. 



Fio £9 — E«ine’* tamor of fibula 


Tlie most frequent metastascs,a3shownb\ the roentgen-rajs are 
%'iA SS3.7W.bi TbiR. ’KS'iVOT/i TCvillv 

to radiation but the patients rarelj li\e more than fne jears. 

The process maj be confused with osteomj elitis because of inter- 
mittent swelling, pain, heat, temperature and leukocj’tosis. 

Carcinoma.— Carcinoma is always metastatic in bone and is gen- 
erally multiple. Itmayin\oI\eanj one or all of tlie bones. It is 
not common in the extremities helow the elbon s and knees, affecting 
them only in cases of wide-spread and generally slow-growing 
metastasis. It produces a moth-eaten appearance of tlie bone, due 
to the irregular destruction of bone sulwtance and its replacement 
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by tumor mass The cortex may be invoh ed, but ordinarily only 
in the later stages There b no periosteal reaction, and no change 
in outline, unless spontaneous fracture occurs In the skull, it 
appears as irregular areas of bone destruction, which tj’pically are 
limited to the diploe, and do not involve either table. When the 



spine is involved, there is more or less extensive destruction of 
sev'eral bodies, but ordinarily they do not collapse, owing to the 
fact that the dense tumor tissue affords considerable support. 
There is a second form of metastatic carcinoma generally secon- 



no\E TU^fOJls so 

dan to tumor of the probt-iteorbrcnst %\1 ir1i h of extremely slow 
de\elopment— casies Inxing been •sepn ten \ears after the recogni 
tion of the pr3inar\ di«!case It is characterized the cxtensi\e 
production of dense bone m the MCinitx of tl e lesions Its usual 
site IS in the spine poKis inel nbs which become greatl\ increased 
in densitx uid e-oarscK imitticd from tl e mtemiinglcd areas of 
rarefaction and condeii'xation flic lesions ma\ le confused with 
osteitis deformaiia iht loi g hi tnr\ riia\ nls> le siiggtsti\e of 



Fio 61 — Pneoar} cbondrosarcoms of the nght RacroU ac joint 


this e-ondition More c ireful inspection will show tl at the picture 
IS produced b% adjacent areas of boi c destruction and proliferation 
with the latter prtxJommatmg awl that there is i o evulciice of the 
rearrangement of trabecula, into bundles w Inch is t\ pical of osteitis 
deformans In osteitis deformans the Iwnes are enlarged and mat 
lie bowed also the process frequentU iiutKcs the bones of the 
extremities below the knees an I elbows \bsence of enlargement 
suggests t ircim ma Alctastatic carcinoma is >=cldi m seen in the 
extremities below the elbows or knees 




00 


M)NE ^A1UOIn('^ 


other Bone Tumors — Almostanytipeo/tmnormayheeTJcoun 
tered in the boi cs and tlie roentgen appearance of dtfTerent patho- 
logic entities is mtunllj verj similar as thej are manifested only 
bj irregulanreas of bone destruction which are not characteristic of 
anj particular neoplasm They are commonly diagnosed as carci 
noma roe itgcnologicallj Under this beading are hypernephroma 
endothelioma mveloma lympho 
sarcoma etc Ihe age of the 
patient and tlie distribution of 
lesions mav be helpful 
Hypernephroma — H^Tterneph 
ronia ma^ occur as a single or 
multiple bone lesion Its distn 
button throughout the skeleton 
corresponds to that of red bone 
marrmr It is particularly com 
moil in the skull sternum ribs 
and bodies of vertebra Single 
lesions are casilv mistaken for 
< steogenic sarcoma when the pn 
mar> growth IS not CMdent Thej 
not mfrequentli pro luce a bulg 
mg of the cortex op destruction 
of It imading the surrounding 
soft tissue and in this respect 
tliet differ from other metastatic 
tumors They are characterized 
by local areas of rarefaction loss 
of trabecul e and absence of new 
bone formation These tumors 
are usually vascular and occa 
sionaify pulsate When thej occur 
in the sternum thej nia\ be mistaken for aneurj sms 
Myeloma M\eloma is a slow growing malignant tumor usuall\ 
limited to cancellous bone It is foun<l chiefl\ in the ages between 
ihrtj ana' sixt> jears Singfe fesions show coarse trabecufation 
identical with that seen m giant-cell tumors but the latter occur 
in the ends of the long bones while mjeloma may occur in 
the shaft A fa\ onte location in older people is the spine and ribs 
When located near the ends of the long bones thej do not extend 
icross the level of the old epiplijseal lines This is the tj^® of 
lesion iisiiallv eJassifed as the plasna-ceJl variety Owing to its 



F o O'’ — Und lerent ated garroroa 
The proeegg is purely Icstruct e 
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slow growth deformities m outline occur is i result of thinning 
nnd exjiansion of the cortcv o\crI\ing the growth For the same 
reason spontaneous fracture is fairh common Multiple ni\elo- 
mata arc more common Tlicir appearance resembles that of metas- 



Fio 03 —MctiMt.ll c earemoma Note the areis of destruct on in the wing of 
the ilium in the uch um and in the necL. and trochanter of the femur AU are 
common sites of invoUement 

tatic carcinoma hut the areas are finer and Inner m outline Lesions 
in the skull are more charactenstic (Fig Go) Tlie distribution is 
similar fa\oring the nbs sternum xertehre skull jiclvis scapula 
and humerus Thc% nna he accom|)an)ctl bv the presence of Bence- 
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Jones albumin in tlie uniit. Some casts lisvt rtspoiicUtl wtll to 
roentgen tlicnpj for n time 

Chloroma— \lliotl to mxelonia and the leiilemias is a form 
of tumor \\hich occurs in the skull usualh m the Mcinitj of the 
orbit andinthe\ertebri nbs and lon^, liones It is seen most fre- 
quently in childhood and occasionalK after fort\ It runs an acute 
course and is usunlh fatal IIo\\e\er the lesit ns are a trj sensitive 
to radiation and some cases art weff eight jears after onset as a 
result of careful roentgtn thcrap\ An indefinite area of rarefaction 



Fio 04 — ’MetasUt c hypernephroma of clav cle and scapula 


appears in the temporal or frontal regions sometimes accompanied 
bj separation of sutures and other evidence of increased intra 
cranial pressure Secondar\ lesions soon deielop elsewhere in 
the skeleton At first thej are purely destructiie but a periostea! 
reaction occurs o\ er them as they reach the surface and this new 
bone formation is greatly increa-ied by roentgen treatment 
Malignant lymphoma — 3fa/ignant lymphoma of bone appears as 
a patchy rarefaction resembling that seen m other metastatic bone 
lesions It may invoh e any bone but is most often seen m the low er 
ends of the femora the spine ribs and bones of the pelvis The 
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lesions are rarcK extenswe and when tKe long lioncs are mvohcd 
there ma\ be a slight amount of periosteal reaction The bone 
lesions are usualh a hte manife tation of the disease but the\ 
ma> be the pnmarj lesion In the t\-pe of this disease knonn 
as reticulum-cell sarcoma pnmar\ bone lesions are common and 
five \ ear cures have been obtained following surgical removal 
Lvinphoraa of bone responds well to trrailiation but the dose should 
be considerablv larger than use<l in treating the disease elsewhere 



Fio 65 — Multiple mjcloma Note the fine small areas of d mini^hed density with 
rather haz} outlines scattered throughout the skull 


Neuroblastoma — These tuniors are usualh primart in the adrenal 
glands and were first desenbed bv \\right in 1910 thev occur in 
children and joung adults and frequentlj involve the skull and 
other bones The lesions resemble those seen m metastatic carci 
noma and are purelv destructive m the flat bones when the long 
bones are involved there mav be a periosteal reaction when the 
involvement of the skull is extensive there mav be signs of increased 
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intracranial pressure such as iMdenmg of the suture lines and pro- 
trusion of the eyeballs 

Leukemia — Se%eral cases of lymphatic leukemia m children and 
voung adults have shoim sh^it irregular erosion of the cortex near 
the ends of long bones and occasional areas of destruction in the 
medulla on the shaft side of the epiphvses 



Anemia — The spoiigv bone containing red nnrrow (ribs spine, 
ends of the long bones and tlie skull) mnv show coarse trabecu- 
lation in the course of anv chronic anemia, as the result of hj-per- 
trophj of the blood forming elements 

In ei^throblastic anemia a form occurring in children of Mediter- 
nnean parentage, the bones become nreficvl, v\ ith a tnnsparent 
medulh containing hncl^ ptnciled tnlHXMil itions witli large inter- 
spaces 
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Fio 69 — Erj'throMa«{ie anemia The handt of a four jesr-old Italian bo> 
There la a generalited proceae rharaetented by eoar«e jrrceulir traheculation Hith 
tbinnmi; of the cortex 



Fia 70 —Malignant lymphoms mvcdeiOE the body of the third cervical vertebra 
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The skull presents an increase m size of the cranial bones with 
thin tables, and a spong> diploic structure 
As the process continue stnations dei elop mthin the cnharium 
perpendicular to the tables giMng a characteristic picture 
A similar appearance is seen m siekle*cell anemia 



Fia 71 — Scurv} «ell ad^'snced Note the organized hemorThase about tbe abaft 
at A and the wb te 1 ne at B 

DISEASES OF NUTRITION 

Scurry —This condition is oommonK >!een during the first jears 
of life and maj or maj not be accompanied b\ changes in the bones 
due to rickets Tlie earliest e\idence of its presence is a thin white 
Ime in the shaft margin of the epipht'seal zone Tins hne is thinner, 
denser and more sinrph defined tbm the one *;een m rickets It 
tends to spread out into the soft tissues be^ ond the line of the shaft 
\er\ freqiientlj irregular areas of rarefaction several millimeters in 
7 




BOtfE PATHOLOGY 


diameter appear m the shaft at the junction of the cortex and epi 
physeal zone and the epiphyses take on a ground glass appearance 
Later m the clinical course subperiosteal hemorrhages appear as 
more or less extensive irregular ele\ation3 of the periosteum along 
the shafts of the long bones In se\ere cases the hemorrhage mav 
be sufficient to produce separation of the epiphj ses The final 
process consists of organization of the clot w Inch produces a shadow 
of considerable densitj about the shaft 



Tio 7’’ — Act I'ff r eieia Hate the ngeed ep pbyseal Lne et A end the coarse 
trabeculat oaa-tB 

Differential diagnosis is from lues lead poisoning and osteomj elitis 
In lues the process is more generalized the periosteum is less ele 
vated and epiphyseal dislocation does not occur In osteomj elitis 
there is destruction of tl e shift uliich is iii ifTected in scorbutus 
T1 e clinical picture is generally cl iractenstic In lead poisoning 
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the dense line at the end of the shaft is thicker than in scurv-j and 
there are no subperiosteal hemorrhages. 

Rickets.— This is a disease usually occurring during the first den- 
tition and affecting mainly the bones which are growing rapidly 
when the process begins The skull 
and thorax are first in\ol\ed, later 
the long bones. In the roentgeno- 
gram, one sees a flaring and widening 
of the diaphj sis abo\ e the epiphj seal 
line, and the zone between the shaft 
and epiphj sis is increased in thick- 
ness, with ragged, fringy margins (Fig. 

72, A) The trabeculie in the spongj 
bone are coarse and prominent. The 
shaft side of the epiphj seal zone ma\ 
appear as a transverse homogeneous 
band i to § inch wide. As healing 
occurs this band recalcifies and pro- 
duces a dense white line along the 
central margin of tlie epiphj seal carti- 
lage. The shaft may be bowed, and 
the cortex considerablj thickened on 
the concaie side of tlie curve Mihl 
periosteal proliferation sometimes oc- 
curs There are areas of decreased 
density in the cranial bones accom- 
panied hj' prominences ol frontal and 
parietal bosses In true rickets the 
changes are confined to the ends of 
the bones and enlargement and rare- 
faction are not noticeable. 

Renal Rickets. — Renal rickets is a 
disease of bone assodation with 
chronic interstitial nephritis occur- 
ring in children. The characteristic 
changes are at the epiphvseal lines. 

The epiphj seal zone is increased in 
thickness and the margins of the 
shafts adjoming them are somcvvliat 
cupped and ragged Tlie metacarpals and phiilangcs maj he 
inv'olv'ed in the more severe cases 

In the marked and chronic cases the bones acijuire the appear- 



Fio 73 — Bowms of the tibia in 
on adult, due to ricLeta dunng 
childhood 
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ance of an osteomahcia, Tvith thin cortex, coarse spongj trabeciila- 
tion, wide irreguJanty and ha7jne5S of the epjpbjseaJ ends of the 
shafts 

The cancellous ti'^sue is coarse and the cortex is thinned in the 
spine, the %ertebral body ma> present an appearance seen in the 
vertebr® of fishes The upper and lower surface of each body is 
concave and the intervertebral spaces fusiform 



Plo 7i — Lead poieon ng V Soot ^par-old rfaild with chronjc lead po sonjnj? 
Note the dense sharp]} defined band just prozimst to the epiphyseal tine whieh la 
charactenstio of thii dioesse 


Lead Poisomnp —Children who have eaten paint containing lead 
off their cribs or toj s or who have ing^ted lead in any other waj , 
show dense bands across the shafts of the long bones at the epipbj- 
seal lines due to a deposit of lead The thickness of the band 
depends upon the length of exposure and the amount ingested 

BONE CHANGES DUE TO GLANDULAR DYSFUNCTION 
Hyperpituitarism —Overactivity of the anterior lobe before 
puberty causes gigantism and after the epiphyses have closed, 
acromegalj 
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In gigantism the bones are elonpited and enlarged Otlieruise 
the changes diRer from acroinegalj onU in degree 
In acromegalv there is a progressne enlargement of the face 
hands and feet accompanied b\ a spherical expansion of the sella 
turcica due to the pituitar% tumor Tlie floor of t! e sella turcica is 
thinned and the clinoid processes are deformed bj pressure The 
facial bones are enlarged viith a marked increase in size of the 
airspaces and the mandible is elongated Ihe bonc» of the hands 
and feet are enlarged and show characteristic tufting of the terminal 
phalanges The general structure of all the bones is coarse and 
heaxj 



Fio 5 — Vcromesaly ^ofe th«eolare«tQent of the term zial phabnges 


Hypopitmtansm — Hvpopitoitansm causes retarded dt^elopmtnt 
resulting in dnarfism or infantilura with a sella turcica which is 
small or on the low side of normal 
Hyperthyioidwm — There is an increased rate of development m 
children resulting m a somewhat advanced bone age \flults ma\ 
show a slight amount of decalcifieation in the cancellous bone 
Hypothyroidism —ilv-potbjroidism causes dehjed development 
evidenced bj the retanled appearance of ossification centers and 
the late closure of epiphyseal lines 
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Tlie parathj roids are of greater importance because of tlieir 
control of calcium metabolism 

Hyperparatbyroidfsm —Hyperparathyroidism gives rise to in 
creased mobilization of calcium from the bones nlnch become 
rarefied with thin cortical margins and fine widely spaced trabecul® 
The bones usualh show cast formation which mav be localized or 
widespread These casts differ from simple cj sts in that they may 
occur in anj part of an\ Lone and they are often asymmetrical 
Thej vary greatly in size and sometimes resemble the earlv stages 
of giant-cell tumor 

Spontaneous fractures are common Advanced cases show a 
loss of height due to softening of the vertebra and bowing of the 
long hones with compression deformities in the pelvis and skull 
The bodies of the vertebroe are biconcave and the intervertebral 
spaces are widened producing the so-calleil fish vertebra 

The disease is subject to periods of remission when rccalcification 
occurs 

The calcium which is mobihzeil from the bones may be deposited 
wherever an acid reaction is present as in the kidneys lungs and 
the wall of the stomach 

Hypoparathyioidisni —Hypoparathyroidism gives rise to a dense 
heavily calcified skeleton 

OTHER BONE DISEASE 

AcbondropUsla (Cbondrodystrophia Fetabs) — ^Tiie bones in this 
condition are shortened compact and at times bov\ed Theepi 
physeal line is very thin and sharply defined and closes consideiablv 
earlier tlian the normal This results in an adult wl ose Jong bones 
are very much shortened with corresponding loss of height In 
the carpus and tarsus the cancellous stnicture is rather coarse and 
the cortex thin This process is said to involve only those bones 
in which ossification has begun before the sixth month 

Osteogenesis Imperfecta (Fragilitas Ossium Fenosteal Dysplasia 
or Osteopsathyrosis) — In the infantile form of this disease the bones 
show great diminution in hme salts and thinning of the cortex 
without changes m size This results maw eakening of the structure 
of the bones and multiple ^lontaneous fractures occur usually 
followed by a fair amount of callus formation A diaracteristic 
feature is the appearance of the skull the calvanum of which is 
composed of a great nunaber of small plaques of bone irregularly 
united by fibrous tissue presenting a mosaic appearance 
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In the adult form of the di^ase, tlie bones are nearb normal in 
size and calcium content, but generalk present considerable defer 
raity as a result of the multiple spontaneous fractures which the 
patient has suffered These patients often have blue sclera and 
progressu e otosclerosis 



Fro 76 — ID ost«jchoQdrodj‘»troph> 


Osteomalacia — O&teomalacia as used clmicalh refers to a form 
of bone softening with decalcification resulting in bending bowing 
and fractures It is a generalized disease most common in pregnant 
women as the result of dietarv deficiencv and absence of sunlight 
The bones are transparent and the trabecul'e large and coarse 
The long bones are bowed and ma\ show multiple fractures The 
appearance is similar to that seen m disturbance of calcium metab- 
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olism due to o\eracti>ity of tlie parathyroids Stones are often 
present in the kicinevs 

Osteitis Deformans (Paget s Disease) —Osteitis deformans is a 
disease appearing m middle age and later It is a slowly progres- 
sive process tisuallj invohing the bones of the loner extremities 



the peKis spine claMcles and calvarium m rare forms it may be 
limited to one bone The earliest lesions are as a rule m the 
pelvis The long bones show thickening of t] e cortex mth enlarge- 
ment boning and rearrangement of the trabeculfe into strands 
or bundles running longitudinally The new cortical bone maj 
show multiple longitudinal evst like areas similar to those in the 
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medulla The medulla aLo shoirs mottled areas of rarefaction 
^\hich extend into the epiph\ses This iiuohementof the epiphjses 
IS important in the differentiation from lues Tvhich \erj nreh 
affects the epiplnsesm the same manner In the skull this condi 
tion causes an increase in the size of the head as a result of expansion 
of the cranial bones show great thickening of both tables 

and coarse mottling throughout the diploe due to alternating areas 
of increa'^ed and diminished densitx In eark cases there ma\ be 
an extreme rarefaction of a considerable portion of the cakanum 



Tiq "8 — Oste tis deformans Note the characterut c trabeculal on m the samim 
•sd both femoral oecka. 


Tlie sharp contrast between the norma! bone and the adjacent area 
of decalcification makes a striking picture "Marked calcification 
in the arterial walls is generilk associated with this disease Stone 
formation m the kidnexs is common Films of the kidne% areas 
should alwats be included in an examination of a case of Pagcts 
disease 

Hypertrophic Pulmonary Osteo-arthropatby — This process bcguis 
with enlargement of the soft tissues of the ends of the fingers, 
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so called tl ib fii t,er8 lie terminal plialanges become expinde I 
at their tips and proliferation of the periosteum ^\hlch is difficult 
to distinguish from tint of lues appears along the metacarpals and 
phalanges particularly those of 



Fig 79 — Oste t s deronnans 80 — Hypertroph c pul 

monary oateo-arthropathy 


frequenth about the distal ends of the long bones Rarely the 
process maj miohe all the peno?,tetnn of the long bones As a 
result these bones ha\e a tbicLened cortex and in the later stages, 
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nrc jjicmseil m widtli TJie joints m? in^ohed m l-jte st-i^ca 
and show erosion of the joint cirtihgc, 'spur formation, and e\ en 
ankjlosis The disease is associated i\ith chronic infection or 
malignant disease of the lui^s 

Ostec^clerosis (Marble Bones) — A rare hereditar\ disease in which 
the bones throughout the skeleton of both children and adults are 
found to lie so dense as to re\e‘il no internal structure whate\er 
on the.rocntgenogram Ibe long bones are not enlarged, but thej 



F:a 81 — Ost«opoiki]oau Woman aged thirty yt-ars ^e^e^ any bone 
aymptoms 


are unusualK fragile and sjiontnDeous fractures are coraraon Heal- 
ing 13 not dela>ed A secondar\ anemia ma\ he present from 
restriction of the marrow spaces 
Meloiheostosis — Melorlicostosis is a similar process in w Inch dense 
areas of calcification appear along one margin of a long bone or 
along one segmental area of distnbution in an e\tremit\ 

Osteopoikilosis — Osteopoikilosis is an hereditar\ disease m which 
man\ small rounded or o\al areas of compact dcnsits are found 
scattered through the cancellous tissue of the skeleton In some 
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areas these spots tend to lie with their long axes following the mam 
trabecula? The condition is usuallj found accidentally and is of 
no clinical importance 

Hemophilia —The skeletal taidences of this disease are due to 
subperiosteal hemorrhage causing a diiluse elexation of the pen 
osteum suggesting a low grade inflammatory process and recurrent 
hemorrhages into tl e joints particu!arl3 the knee and elbow These 
result in thickening of the soft tissues and erosion of thp joint 
surfaces 

In children squaring and enlargement of the epipln ses may be 
seen similar to that occurring m tuberculosis 



Fio — Os Mcbondf i s o( MApbo d (Roh e * I scuc) riattened acapho d 
nd cated by srrOK Normal foot on nght 

Suhchondral Necrosis (Osteochondritis) —This disease includes a 
large group of lesions usually referred to under the names of the 
men who first described them The d sease is usual!} local but may 
be generalized The m\ol\ed bones first show haziness and irregu 
lant} in structure followed b\ sclerosis fragmentation and flat 
tening Cj st like areas ma\ appear m the diseased hone The 
affected bones usualh leal in time causing larjing degrees of 
deformitj 

The process appears in different locations at \arious ages depend 
mg upon the time of appearance of the ossification centers An} 
bone in the bodj maj be involved 

A common form is the condition known as Legg s or Perthes 
disease a flattening and fragmentation of the femoral head in 
children which in its earlv stages maj be mistaken for tuberculosis 
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Ho’Re\er m this condition the diseased bone maintains a better 
densit\ and there is less of t! e general haziness and joint destruction 
so characteristic of tuberculosis The clinical course is quite differ 
ent and the process tends to heal m the course of a \ear or so ^\lth 
a residual flattening of the head and usmlli an increase m the 
width of the neck of the femur 

The process was described b\ Kohler as occurring in the tarsal 
scaphoid m boas between the ages of three and nine a ears Kohler 
and Freiberg called attention to a similar change in tl e head of 



Fig 83 — Osteochondnt $ of (be d stal end of tbe second metatarsal (Fre berg a 
dsease) 

the second metatarsal seen usualla in girls neat the age of twentv 
\ ears The articular end of the distal eatrcmitj of tlie bone becomes 
flattened or e\en concaae and nia\ l>e irregular m outline and 
increased in dcnsitv The adjacint 3>ortion of the shaft is increased 
m w icltli but the joint space is not affected 

Kienbock s name has been giien to a form of the d ■<‘a«e deael 
oping in the semil mar bone some weeks or months after an injiiri 
It usuillj occurs in indiaiduals with a rclatiieh short ulna 
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Calve described the appearance of this lesion m the epiph\ scs of 
the vertebn] bodies, and more recenth Rogers and CJcaies ha\e 
shown that it ma\ affect the cplpb^ses of the sicroihac joints the 
lesion occurs in children m their teens and is comnionlv mistaken 
for tuberculosis 

Similar changes have been desenhed «\ the epiphvsis of the os 
calcis the patella and in the capitellum of the humerus 

Gaucher’s Disease —Gaucher s disea-se la a rare congenital and 
familial disease seen mostK in voung females of the Jetvjsh race 
In addition to enlargement of the liver an! spleen pigmentation 



Fio S6 — -Oigood-Schlatter ■ disease r«ot« the soft tissue swell ne about the lesioo 

of the face and hands and a Iivpochromic anemia there is a rare- 
faction and cortical thinning of the spong:v bone The areas most 
coramonlv affected are thevertebra* femurs and tibia Tlie lower 
thirds of the femurs are characteristicalh expanded and the tra- 
becular stnicture is coarselv meshed owing to the presence of 
masses of large Gaucher s cells which replace the normal marrow 
Tlie V ertebre mav collapse as in osteomalacia 

Osfood Schlatter 8 Disease — \ partial stparation of the tihial 
tubercle occurs m joiing individiiala The tiifarrlc is tfevateii 



114 


BOlfE PATHOLOGY 


A TABULATION OF THE ONDINGS IN TIIC MORE COMMON BONE 
LESIONS FOR USE IN DIFFERENTIAL DIAGNOSIS —(C(Whnu«<f ) 


OSTBOUYELITIS 

4 Produces bone atrophyacd Bclerous 


5 Usually starts ID the medullaiy por 

tioD and involves the cortex pen 
osteum and soft tissue 

6 Occurs at any age 

7 EolargemeDt and deformity of the 

SYrniLia 

1 Usually a multiple process 

2 Usually probferatite The gumma* 

tous form which is rare la both 
proliferative and destructive 

3 Usually a disease of the ahaft and 

rarely invoUes the joint and epi* 
physs 

4 Usually confined to the penoateum 

but nay invoUe the cortex does 
not cause bone atrophy 

5 May appear at any aee 


6 There may bo cnlaryemcot and con 
aidcrable deformity of the bones 
MVELOSt* 

1 Single or multiple lesions 
3 Trabeculsted 

3 Do not involve epiphyses character 
Utie skull changes 


4 Late adult life 


Carcinoua 
1 Multiple lesion 

3 Usually purely destrilctne rarely 
there is bone prohferalion about 
the invaded area 

3 Attackathemedullaandcortexoftbe 

long and flat bones the perios- 
teum and joints are not involved 

4 A disease of adults 

5 In the proliferative type (lie bones 

iBity A<r (Anbrnro^ 

OsTEOGEMC SanCOtlA 
1 Single lesion 

3 Both destructive and prolifcratne 

3 Involvestbedistal thirdof theahaft 

rarely the epiph}s s neverthejoint 

4 The cortex of the bone le destroyed 

and the soft tissues insaded 

5 Usually in young adults 


TtJBEncrtosis 

4 Rarely invades the shaft and soft 

tissues The neighboring bones 
ahow marled atrophy The pen 
osteum IS usually not Involved 

5 More common in children 


6 Tliesizeofthebonemaybeamall due 
to interference with growth 


Paoets Disease 

1 A multiple lesion 

2 Probferatiye 


3 Involves tl e shaft and epiphysis— 

the joints are not afl'ected 

4 I*ate adult life 


S Overgrowth of the bony struetures 
and abnormal trabeeulation, the 
eoH tissues are not invaded 

A Bones are enlarged and may be 
bowed 

CikVT ettp Ttoos 

1 Single trabeculsted lesion 

2 Deetnictive type 

) Involves the epiphysis and the end 
of the shaft the cortex may Ce 
(hinnsd hut is not invaded tho 
joints and soft tissues are unaf 
fected 

■I Childhood and adult life 

5 The bone is locally deformed 
Bone Ctst 

1 Single lesion. 

2 Purely destructive 


3 Located in the medullar) portion of 

abaft does not invade the cortex 
joint or soft tissue 

4 Children and young adults 

5 The bone is not deformed 


OarEocuosunoMA 

1 Usually a single lesion with pedicle 

2 Purely proliferative 

3 Arises from the cortex never invades 

the bone 

4 Common in cl ildreii and young 

5 Thwe may be eome deformity of 

bone from pressure structure of 
the growth contains normal bone 
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THE SKULL 

RozxtgxisOlogi of the skull, its contents, sinuses, mastoids and 
teeth has become a field of its own There is naturallj a close asso* 
cifttion between the teeth and sinuses., and the i\\ o should alv. a> s be 
studied together The bones of the skull are subject to fractures 
and diseases affecting the skeleton gencralK , which ha%e preMoush 
been considere<l to some crtent 

Fractures of the caharium are readily recognizetl if extensive— 
the sharp, dense black, clean-cut lines of linear breaks being ob\ lous 
Onlj when thej follow bloodvessels lines, or extend into sutures, 
IS there difficultj in the diagnosis Small venous channels m the 
frontal region, and the irregular suture lines below and behind the 
mastoids are often, mistaken for fractures This mistake can be 
avoided bv taking the opposite side for comparison Depressed 
fractures and fractures of the inner or outer tables nia> be repre- 
sented in the lateral 6!m bj slight clianges in the bon> structure 
Therefore, suspicious areas «houId alwajs be checked b> tangential 
views taken from at least two different angles (see Figs 13 and 14) 
Fractures of the base even though of considerable extent, will be 
overlooked in routine lateral views It sliould be remembered that 
the middle meningeal grooves arc filled largch b\ tlit veins which 
lie between the bone and the arterv, and that rclativelv small 
injuries involving these grooves mav cause extensive slow venous 
hemorrhage ^ arious v ertical projections of the base are nece^sarj 
to demonstrate them 

Fractures due to falls from a standing position are usualij linear 
and run meiidianallv through the calvanum Stellate or com- 
minuted fracture are due to the iropact of a solid object or a fall 
against a sharp, hard object Repeated blows with a blunt weapon 
cause multiple fine linear fractures in both tables and finallv a 
depression of one or more fragments after the tables have been 
sufficiently weakened 

Ring fractures of the base, partU or completelv encircling the 
foramen magnum follow falls from a great height or in conditions 
where the vertebra tend to be thrust up through the base of the 
skull 

It IS not good practice to submit a patient, suspectctl of having 

( 117 ) 
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a fractured skull to a prolonged and tiresome roentgen examination 
uithin a few hours of the injurj when his sjmptoins are due 
mainly to hemorrhage or damaged hrain Such investigations are 
much more satisfactorj when the acute symptoms have somewhat 
subsided 

Fractiu-e lines maj persist for from six months to two j ears after 
an mjurv In children thej tend to disappear earlier than m adults 



Osteomvelitis of the skull mav he due to lues or an\ of the pjo- 
genic organisms the latter is generally a low grade progressive 
process arising from a sinus infection rarely from a wound It is 
likelv to be stubborn an 1 difficult to eradicate In the earlv stages 
the roentgen examination raai be negative but when the infection 
is well developed it causes a moth eaten appearance m the bone 
with ragged margins There is no new bone formation jSot infre- 
quently the infection extends along the diploic veins producing 
new areas of destruction entirelv distinct and separate from the 
original area of the abscess 

Lues causes protean lesions They mav be ragged irregular 
destructive procrases causing a moth-eaten appearance suggestive 
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of inetastitic m ilignant dibcase \ \ ination of this form otxurs as 
multiple clusters of fine, punctate mrefactions fonniiig patches a 
centimeter or more m diamettr At times there uill be consider- 
able new bone formation appeanng as scattered areas of irreg- 
ularly increased density The frontal bone has long been known 
as a common site for luetic lesions \ point which sometimes helps 
in the identification of the process is that die le>.ions tend to nnoh e 
the outer table, whereas malignant disease, being blood borne, more 
often m\ades the diploe Tan^ntial films are therefore helpful. 



Fio 89 — Localised hj*pcro«(09is of fronta) region indicated by the arrow 


Hyperostosis — H\ i>erostosis frontalis is soinetunerf assoe nte-d w itli 
obe«it%, headache, menstrual diaonlers and endocrine disturlnnccs 
m women It occurs more often m patients suffering from mental 
disease thin m nornul individuals 'Die process causes a localized 
thickcmnc of tiie frontal Imne and should not be confused with 
cslcificntion of the fsK which is of no clinical importance 

Ix»ntiasi3 ossoa, or creeping periostitis, is a somewhat similar 
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affection It maj be localized about the sinuses or nasal fossie, or 
spread s 1 oa\ 1 j over the maxill®, frontal and parietal regions Usu- 
allj the mandibles are not involved There is a tremendous over- 
growth of uorv-like bone, with soft tissue thickening over the 
inv olved bones The condition ma\ be confused w ith Paget’s disease 
Mabgnant Tumors —Malignant tumors of the skull mav he either 
pritnarj or metastatic Thepnraarj tumors do not differ in appear- 
ance from similar tumors iti other flat hones The common meta- 
st’itic tumors ire carcinoma h%pcmephroma anil mieloma, thej 



Pio 90 — Ostcitia defonuaDs 


produce multiple destructive lesions arising m diploe and are usu 
ally associated with lesions elsewhere in the hodj which establishes 
the diagnosis 

Sarcoma maj develop in the calvarium or base, and does not 
differ from sarcoma in other flat bones 

Neuroblastoma — Xeuroblastoma 13 a tumor, occurring m children 
under twenty >eaTS, usually pnmarj in the supiarenals, but it mav 
have its origin m an} part the sympathetic nervous system It 
metastasizes early to the skull and other bones In the skull the 
process resembles the metastases from carcinoma The areas of 
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bone destruction are finer ind ha\e a more mottled ippcarance, 
and in addition tlierc is a periosteal reaction in most cases Clin 
icalh, in addition to the changes m the bones there ma\ be 
protrusion of one or both exes with discoloration of the lids a 
profound secondarx anemia dexelops and an abdominal tumor max 
be felt 

Cbloroma — Chloroma related to mxeloma and leukemia and so 
called from the xelloxMah orgrccnisli color of thegroxxth appears m 
the form of a dcstructixe legion near the orbits or sinuses 

Anx soft tissue tumor max cause erosion of the bone in proaimitx 
to it eg cirsoid aneuriani and cholesteatoma The latter is a 
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benign tumor most often seen in temporal regions Hicsl tumors 
max cause extcnsixe destruction of bone but the margins of tlie 
inxolxcd areas are sharplx defined and quite dense 

Fndothehoma of the dura when it inxohcs the bone produces 
nxiierostosis and enlargement of both the arterial and xenons chan 
nels in the region of the tumor Tlicse I irge channels max be seen 
to extend to the inxoixed area where tlicx disappear abruptlx at 
their entrance into the tumor Tlic tumor ina-ss max contain manx 
fine spicula of bone 

Osteitis deformans affects the skull m xanoiis waxs At first 
there max be an almost complete decalcification of a large portion 
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of the tahiriura Usually thtre is *i marked overgrowth leading 
to progressive enlargement of the licid This is due to diffuse 
thickening involving both cortex and diploe sometimes one more 
than the other Usuallj small areas of increased density are scat 
tered throughout the affected area Other portions of the skeleton 
notablj the pelvis are pncticallj alwajs involved (see Figs 78 
and 79) 

Defects in the cranial bones vtrtebre pelvis ribs and even long 
bones sometimes associated with diabetes msipidus and exophthal 
mus are due to deposits of hpoid material or cliolesterol The 
condition has been called xanthomatosis 



Tio O” —The short steep ckuU base olten Been in mental defect es Note that 
the distance between the aud tory canal and the naa on la less than one-half the total 
anteroposter or d amcter of the skull 

There is a rare deformitj of the new born associated with men 
ingocele and encephalocele m which the skull presents a smooth 
outer surface with evsthke areas separatiKi bv radiating bonj 
ridges on the inner surface This condition is supposed to be due 
to fetal hjdrocephalus 

Erythroblastic anemia a disease of childhood causes an increase 
in thickness of the calvarium marked rarefaction thinning of the 
cortex and coarse trabeculation m the diploe In the later stages 
vertical striations within the diploe presents a striking picture 
(Fig 91) 
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Sutures — The basal sutur<.*s are tlos«I at tlie ape of one to two 
months; with the exception of tlieoctipito-sphenoidal suture winch 
usuallj unites between the ages of twelve and twentj vears There 
is a great variation in the time of closure of the sutures of the \ ault 
and some may remain open throughout life As a rule, the coronal 
suture will close before the thinl decade, the sagittal suture usualK 
remains open a few \ ears longer than the coronal and like the lanil>- 
doid suture nia\ remain open indefinitclv Ain of the sutures of 



Fia 03 — 0x}crph3ly Theiulur* luws and the jtroovpsof llie bt«od%ea*elt are 
obliterated 


the vault mav include one or more supcmuincparv Ixmes, the so- 
Hormian hones. The loctopic suture ma.i octur in the 
frontal bone; this suture is scrraletl in the outer table and straight 
in the inner table— the apjH*arancc simulating a fracture in a suture 
in the midline of the frontal lx>nc; a simitar appearance is sometimes 
seen in the coronal or sagittal sutures Closure of sutures earl.v in 
life (craniostenosis, oxv cephalj , turret skull, etc,) gives rise to 
deformities in sluape, depending upon the sutures involved. Three 
general forms are recognized: 
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1 Turret head (one fonn of which K oxycephalj Fig 93) which 
13 short broad and abnormally high The roentgen picture is stnk 
mg for m addition to the unusual slape with a projection at the 
bregma and bulging of the temporal r^ions there is marked thin 
nmg of the vault with deep convolutional atrophy which may pro 
gress to perforation Prominence of the ejes and blindness are 
ear/y symptoms 

2 Scaphoid lead wl i<di i3 abnonnally long and narrow 

3 Slanting lead showing marked asymmetry m any one of 
several planes 

Abnormal separation of suture lines is an e\ idence of intracranial 
pressure 



To 94 — Endothe oma of Uw showing «xt«n8 e bone mvolvemcnt Note the 
□creased lessel narkuiiis and Ibe new bone format on 


Hydrocephalus —In hydrocephalus there is enlargement of the 
vault out of proportion to the base The p cture is one of chronic 
intracranial pressure enlargement and great thinning of the v ault 
of the skull with exaggeration of the convolutional depressions and 
often separation of the sutures Flattening of the sella is fairly 
common In the form due to lues there is less thinning of the 
skull and a strikingly short base 

Ventriculography reveals marked dilatation of the ventricles 
with thinning of the cerebral cortex which at times mav be reduced 
to less than a centimeter m thickness 





Fio «5 —Tumor of the frontal rejnon eho» ng cole f at on » th n the mass at 
A pressure marks in the cal -ar um nt B and loss of the poatcrior cl no d proceas 
BtC 

cation in the mass itself (ttliicli isnre) ims 1 elp to locnli7e the pro- 
cess In a high percentage of the ca<es nil that appears on the film 
13 the cMdcnce of increascti mttacrama\ pressure The common 


findings are 

1 In the calvarium Increased convolutional markings if the 
tumor is of slow development enlargement of bloo<l\c «cl channels 
if the tumor lies fairlv close to the surface and perl aps locnlizctl 
erosion of the lione or new lioi e deposits with spicule formation 
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2 In the selh The clinoid processes become pointed and later 
thinned the opening is increased m width and m the later stages 
there is tiiinnmg of tlie floor of the sella and loss of the posterior 
clmoid processes These changes are due to indirect pressure A 
considerable percentage of brain tumors «tll cause recognizable 
changes m the appearance of the sella 

3 Cerebellopontine angle tumors ma\ enlarge the internal audi- 
tor^ nnal and erofle the petrous apev and b> obstructing tlie 
aqueduct of S\ h lus pnxhicc li\ droceplnlus w ith secondnrj changes 
in the selh Tlic\ max also inxoUc the selh l)\ direct extension 



Fia 96 — Supra-Mllar cy*t>bowiocchoract«rist ccatc licat on Bt A andlossof 
out} ne ol tb« eeUa at O 


4 Displacement of the pineal gland ina> occur, depending upon 
the size and location of the tumor This finding is of considerable 
X alue when t'liere is sufficient calciBcation m the pineal glanci to 
outline It distinctly on the film 
6 Calcification within the tumor 

Intrasellar tumors cause sphencnl enlargement of the sella with 
thinning of walls and floor and finalK perforation of the floor As 
the growth extends into the sphenoidal sinus a double outline 
appears due to the remnant of the old floor and the profile of the 
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mass m the sinus Tlie anterior clinoids ire short and blunt, ind 
the dorsum sella is thinned and pushed backirard No other 
signs of intracranial pressure are seen until late in the disease 
There nia\ be in issociated acromegili 
Some supri'selhr tumors, due to cranio-phanngeal pouch rem- 
nants slion delicate spongv calcified masses immcdiateh nboiethe 
selh, as nell as the signs of incrcaserl mtncraniil pressure 
Acoustic neuromas iisualK eiiise an enlargement of the ponis 
nciisticus on the ifTcctOfl side fhis is iKst demonstrited on films 



I'la 97 — Encppbslograai in a iionnal rh Id ahomnK I OiprlsrPinK lateral 
\entncles T temporal horn of lat«»l ifninrlc J Ihrdtentnde 4 fourth venlncle 
V tttiueduet of ‘^yWius P twn* CP c atema iwintH C M cwteroa magna C \ 
cistema vena; magna* rerebn. 

in the anteropostirior pline with the occiput against the film and 
the incident ri\s pasMiig oliliquth from above so tint the petrous 
portions of both mastouls irt projectctl flbo\ e the b isc 
Encephalography mil frequenth give evidence siifficienth defi- 
nite to locilizi, lesions otherwise undcmonstmblc Air is intro- 
duced into the spin il cainl uitli the patient upright anti a series of 
films tabeii intluding httril and anteroposterior Mens mth the 
patient upright prone and supu e Studs of the «crie« of films mil 
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show changes in outline of the ventricles and e\ idencc of obstruction 
m the channels connecting the \anous chambers, as well as oblitera- 
tion of surface sulci or shrinkage of the cerebrum The surface 
markings of the cerebrum are of importance If they are constantly 
absent over a definite area with a good filling otlierwise, subdural 
adhesions maj be suspected 

In cerebral atrojihx , the snki on the surface are increased in w idth 
Normal channels are not o\er 2 or 3 mm wide 

In some cases of local or general atrophv of the ctrtbnim large 
lakes of air maj be found between the brniii and si ull 



Subdural Hemorrhages —Large tumor masses anywhere within 
ffe? ska}} usifslh es{{ge dfsptsceisi^t Oi* fiV septaai 
pineal gland awa> from the lesion also deformity and displacement 
of the ventricles including the third and fourth There are no 
characteristic roentgen signs of subdural hemorrhage 
A wide experience is necessarj m the interpretation of encephalo 
grams or ventriculograms, and most careful correlation with the 
clinical e\ idence is essential 
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Sella —True lateral Mews preferably stereoscopic, are essential 
for the proper observation of the sella It varies greatly in size, 
averaging 10 mm in the anteropostenor diameter (with limits of 
from 5 to 15 mm ) and in depth 8 mm (with limits of 4 to 12 mm ) 
In shape it is flat, oval or round, with the oval predominating The 
clinoid processes often overlap on the films owing either to failure 



Tia 101 — Intfasellar tumor abon og thinnine of cl noid proceasea and floor of the 
aclla There s no other e *11(0000 of intracranial pressure 

to secure true lateral projections or to the fact that tlie^ extent! 
beyond each other True hndging is rare and of no significance 
except as a possible cause of pituitarv headache', due to expan- 
sion of the gland within its rigid shell 
As alreadj notetl intraseUir tuinois produce elm icteristic 
deformities in the outline of tlie space In acromegah as'iociated 
changes are seen in the form of (I) Enlargement of the sinuses 
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(2) elongation of the mandible (3) general increa e in the «ize of 
the entire skeleton particularlj the hands and feet and (4) coarsen 
ing of the texture of the ‘tpongj bone 
Calcification Withm the SkoU — \ormal!\ about one-half of all 
individuals over twentv vears of age show varving amounts of cal 
cification in the pineal gland appearing as small den«e spots m the 
me'iial plane thev he about \\ cm above the mnstoifU when seen 



Fia 10'’ — Arromegal) Note tbe «tongatioB ot the mand'Uc largei cuses end 

eoIargciMat of the eclU 


m lateral views This finding is <f no significance except in cases 
of brain tumor or liemorrlia^ in nhicli displacements of tht glaiwl 
of from a to 1 > mm out of the mesial plane have hetn observed 
even when the tumor lav m the anterior or postenor portions of 
the brain Absence of displacement of the pineal gland does not 
nik out brain tumor as the lesion mav lie locatetl I elow tht ttn 
toriiim in the posterior fossa or it mav 1 e so situ itctl in the fnmtnl 
lobes ns to cause no disturbance of tlie } meal l)odv When the 
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calcified mass is large and irregular a tumor of the pineal gland 
may be present 

Tine mottled areas of calciiication lying 1 or more cm behind 
the pineal gland in the lateral Meir and about 2 cm external to it in 
the anteroposterior projections are due to calcium deposits in the 
cboroid plexus of the \entncles and should not be mistaken for 
tumor formation Usually the process is bilateral 

Calcification in the midline in the anterior portion of the skull is 
sometimes found as a result of deposits m the faK In rare cases 
a thin bony flake of laiyjng size extends inmrd from the inner 
table into the falx Calcification vvithm the walls of the arteries 
forming \Nillis circle is sometimes iisible in the roentgenogram 
Aneurjsms of these xessels nhen calcified appear as portions of 
a circle overlapping the sella m lateral views but external to it in 
postero anterior projections 

Calcification mav develop in any of the meninges as a result of 
infection or tumor growth \\hen tuberculomas become calcified 
tliev produce a round or oval shadow more sharplj defined and of 
greater densitj than that seen in tumors 

Sinuses —For a proper studj of the sinuses posteroantenor 
lateral and vertical projections arc necessarj If the films are 
made with the patient m the upright position fluid levels will be 
demonstrated in the frontal sinuses and antra if tl)e> are present 
The* routine anteroposterior film shows the size of the frontal sinuses 
These sinuses maj be absent but as a rule are present to some 
degree and appear as lobular areas of diminished densitj above 
the orbits Their density and the sharpness of the outline of their 
walls and septa should be carefulli noted Immediately below 
them on either side between the septum and the inner wall of the 
orbit he the overlapped shadows of anterior and pdsterior ethmoid 
cells appearing as dark roughl> rectangular areas Thej maj 
extend upward over the roof of tl e orl it between it and the floor 
of the frontal sinus as shown at L in Fig 103 or the} may extend 
downward into the upper jxution of the antrum There is consid 
erable importance attached to these extensions b} the surgeon for 
when inlecteci t’nc} simulate frontal sinus or antral disease 

Lying across the septum and the lower ethmoid cells toward the 
midline the rather square image of the sphenoidal sinus can be seen 
when it IS of good size Below the orbits and outside the lateral 
walls of the nasal cavity the roughly triangular antra are shown 
The dense shadows of the petrous portions of the temporal bones 
cross the lower orbit and upper antrum horizontal!} 
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In addition to the outline of the sinuses themsehes, there is 
present some e\ idence of the shape of the nasal septum, size of the 
turbinates, and relati\e depth of the floor of both the nose and the 
antra. 

A ^anation of this standard position, in which the incident raj 
is directed domiward from a point in the parietal region, projects 
these temporal bone masses helorv the antra and is particularly 



Fia 103 — Very Jargp*inu«e9 Anatoanca} tanatc<ras Large supraorbital ethmoid 
cellaatf 


useful as a check upon the pre\ ious ^ iew Similarlj , another posi- 
tion of the tube below the ocdpital region will direct the incident 
ray along the floor of the skull, and project the upper portion of the 
sphenoidal sinus clear of the base, thus permitting an estimate of its 
opacity and the condition of its membrane 
A \ ertical projection of the base is sometimes emploj ed for the 
demonstration of fractures m this region, and to estimate the extent 
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of the sphenoidal sinuses posteroanteriorly and laterally For the 
latter purpose the most satisfactory image may be obtained by 
placing a large film in the mouth, and focusing the tube above the 
vertex 

The lateral film 13 particularly \aluable in checking the antero- 
posterior \ie\v of the frontal sinuses, particularly with reference to 
determining their depth and the thickness of tlieir walls Teeth, 
polyps or foreign bodies in tlie antrum, may be well projected m 
this view 

The normal sinus, because of its air content and thm walls, 
appears on the roentgenogram as a more or less darkened area w'lth 
sharply defined edges Any cJiange in the amount of air contained 



Flo lOi — Osironis In th« frontal ainus 


Within if, or in the thickness of its walls will be recorded as a ghange 
m density on the roentgenogram, and botli these factors must be 
considered in making a diagnosis This is particularly true of the 
frontal sinuses, where a degree of density which is norma] for one 
individual may be quite abnormal for another whose spaces are 
larger, waffs thinner, and whose sinuses should therefore appear 
darker For the recognition of disease it is essential to compare 
the two sides and to have a fairly definite mental picture of the 
appearance of the normal sinus In the study of the frontal 
sinuses both anteroposterior and lateral views must be studied and 
compared 

A general haziness w ith a slight increase in density m one or more 




sitiu lb iisiialK means thickcniiis of the Imins meinbnni This 
fimlinj; tna% l« ctnifirmo*! m the n‘*c of tlie front »I snuists hs tlic 
ndditiotml c\idcnct of Unckcninp of the ‘>cplal mnrkin;?'* nhich 
in di«cfl'e ftecotne haz 3 and surroucidctl hv an indeGnifc rone of 
slightK incm^ed dinsitv, in inarkcii contrast to the sharplj out- 
lined normal septa This general thickening mav insoheoiiK one 
Sinus all of the smuHS on one side or those of lx)th sides In 
the last condition, some difliiults nm an t from the fact that 
eomparibon of opjxisitL sides w iinpO'.sihU and the roentgenol 
ogist must rilj upon his knouKalgc of tht normal 

Granulations pus or tumors produce a shadow of incrcascfl den 
sit\ which giiicralh olilittratcs the sinus eornplctels Tluirshad 
<)w 3 arc of the saint ilcusitv Iml the appearince of the «um>iinding 
hone sarics considtr ibl\ When thtn is a fluid esudate in u smu 
It lb oftin possible to make out a flui<l k\<l m the suspettial casitv 
ujwn a mtntgdiogram obtmma! with tin patient upright How- 
escr the ab cnee of a flmd IcmI iloes not rule out pus 'lumors 
of the sinuses gcncralK show sonit CMdenct of their nature bs 
erosion or iii\ asion of the walls of adjacent lionw In long-standing 
mfittions tlicrc is usualU some nitrea «l dtn it\ in tht l>on( unmt 
(batch around the involved Sinus \crv rirelv a smub or jmrtKin 
of the orbit will be occupied bv adtn«t (vsteoma \b tnct of fmntal 
smiiscb is f iirlv common and must bt difTcniitiitcd fn m tbitktmng 
which has ohscunxl tin inarj.nis and obliterated the outline of u 
w cll-dev eloped sinus V fatirif vnw will show no tvideim. of a 
sinus and no nxjin for it at the ba e of the frontal Ixmc Canful 
inspettion of the antcro-postenor vuw should diow tlie prcMina of 
bone stnicturi, in the susjicctcd area 

It must not be forgotten that n sinus tnaj l>c found filled with 
muoous material at operation and vet cast a normal shadow on the 
rotntgenocram In fact niueocelcs which have ertxled the Iwne 
ovcrlvang them appear as an is of dinum''hcd (fen'itv This occurs 
most (x mtnordv in tlic frontal sinUH*s or ithmoid call-* which mav 
1)C expanded into tlie orbit Ihe suigeon mav waih nccumulatevl 
pus out of an antrum vvliith was pirfceth dear on a film made the 
dav before 

l'ol> pi can sometimes lie v isualizcd m the frtmtal •■inuscs and antra 
as rounded areas of slightlv increa'cil denvitv Ihc entire sinus 
will iisualh apfiear somewhat hazv as a re-i;h of the thickened 
membrane 

A dcn«c fusiform sb-vdow miv overlap the •'iptum in a ease of 
pimmn of the septum 
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The patency and course of nasal ducts may be determined from 
roentgenograms made nith opaque profies in sihi, and the course 
of the lacrimal ducts may be Msualircd by opaque solutions 
Some surgeons feel that it is necessary to fill the antra with opaque 
solutions to demonstrate the thickness of the lining membrane or the 
presence of poljqis In sdected cases it is a useful procedure. 

Mastoids — 1\ ell-de\ eloped mastoid cells Iia\ e been noted as 
early as tlie second year. ITieir development generally precedes 
that of the sinuses. Hoentgenograms of both sides should alwajs 
be obtained as a routine for purposes of comparison. Normally, the 
ceils are bright and clear with sharply outlined walls. The broad 



Fig 102 -*-Nonnal in-utOKj cells 


groov es of the lateral sinus can usually be traced across the mastoid, 
appearing as a streak of diminished density. In an acute mastoiditis, 
there is general haziness of the affected cells and blurring of their 
margins, follow ed later by destruction of the cells and loss of their 
outhnes, which are replaceil by an indefinite area of increased den* 
sity. In chronic ca«es, there is more or less absence of cells and a 
variable degree of sclerosis. Occasionally the mastoid cells fail to 
dev'elop, and the finding in these cases may resemble that seen in 
chronic mastoiditis; but this condition is usually bilateral, and the 
shadow of tlie lateral sinus lies close to that of the auditory canal 
(Fig. lOG). 
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Petrositis —For the demonstration of petrositis the routine mas- 
toid films should he made, and m addition one anteroposterior with 
tJie ra^s so directed that the petrous portion of the temporal bone 
lies clear of the base. This \iew is particular!) valuable for details 
of the petrous tip and the internal auditory canal Usually an 
oblique anteroposterior view with the rajs directed downward into 
the posterior fossa, so that the petrous portions overlap the lateral 
margins of the foramen magnum, should be included, and in some 
cases a vertical projection of the base will give information not 
otherwise available. 


r~ 
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Fio lOS —Chrome tuberculous nissioid Not« the scalloped lesions characteristic 
of the disease 

In petrositis the same changes occur w hich are seen m the mastoid, 
and at about the same time If tlie bone is diploic a low-grade 
osteomji'ehtis develops, with areas of bone destruction appearing on 
about the tenth dav of the infection, accompanied bv periosteal 
reaction on the surface, best seen along the superior margin Wiere 
there are air-cells present, the course is identical with that in the 
mastoid, with the same a-rav evidence Details m this area are 
more difficult to record but in general, in the early stages, there is 
a slight general hazj' increase in density Later the apex of the 
pjramid becomes decalcified and as the infection progresses the 



trabecitl«? become blurred thinned and finnlh disappear A chronic 
infection ^ill cause sclerosis of the surrounding bone similar to 
that seen in the mastoid 

Teeth — The roentgenologist should ha\e a general knowledge of 
the de\ elopinent nnatomv and patholog\ of the teeth An under 
standing of the course of dentition is helpful not onij m the inter 
prctatioij of dental conditions in children and adults but also in 
the determination of the ages of children Fhe following table from 
Tboraa can be relied upon as a working basis 


Tempofiry 

Calc firal an 

Calc Scat on 
complete 

Erupt on 

Sbed 

Ceatral incisor 


1} >e3rs 

8 to 8 months 

7icar 

Lateral inncor 


1) 

1 to 0 “ 

8 

Cuspid 


2 

17 to 18 

12 “ 

First molar 


**0 montl s 

14 to IS 

10 

Second molar 


20 

IS to 24 

II 

PfnBMtieoi 

Central incisor 



7 to 8 jears 


Lateral incisor 

1 

10 

7 to 8 “ 


Cuspid 

3 j-eara 

I** 

12 “ 


Hrst bicuspid 

4 " 

12 

10 


Second bicuspid 

S 


11 


First molar 

Uefore birth 

otoie “ 

6 “ 


Second molar 

5 jears 

1 to IS 

13 “ 


Third molar 

g 

18 to 20 ** 

IS 



The importance of good technic in dental roentgenology cannot 
be too strongly empliasizeil It should include adequate erposures 
with the least possible amount of distortion, preferably from seaeral 
angles Ordmanlj sixteen to twenU intra>oral films will give an 
adequate survey of the moutli but in some ca«es one or two large 
extra-oral films w ill be helpful as a check 
Anomalies of development, irregularity of eruption and misplaced 
and unerupted teeth are common and the diagnosis is obvious 
Impaction, particularly in the molar region is often seen, and the 
presence of retained teroporarv teeth is rtadiK recognized 
In adult teeth the roentgen examination is of value in demon 
strating fractures below the gum level and in determining the 
extent of canous processes the position and extent of root canal 
fillings and the results of operative procedures Pulp stones may 
be revealed in the pulp cavities Tliev are small, round, dense 
masses freqtrend^ ma/tipA: wAicir form m fAe pm’p cAaoiAer o/ 
one or more teeth Thev have been thought to be the cause of 
sev ere neuralgias but inasmucli as thev are frequently seen without 
sy mptoas, their significance is questionable 
The most important pathological conditions with wluch the 
roentgenologist has to deal are pvorrhea and ah eolar abscesses 
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Pyorrhea — ^Pjorrbea m its earlj stages gi\es little roentgen evi- 
dence aside from a slight increase m the width of the dark line 
about the tooth, which represents the pendental membrane As the 
infection continues and the ahcolar process becomes m\ol\ed, the 
bone retracts from tlie neck, and finallj from tlie roots of the teeth 
which are then kept m place onl\ b> the fibrous tissue of the gums 
An appearance resembling somewhat that seen in pNorrhea occurs 
m patients w ith li\ peracti\ it\ of the paratlnTou! glands A dark 
line appears around the tooth roots due to the disappearance of 
lime salts from the peridental membranes niis dark line is more 
uniform than that seen in p\orrhea, and all the teeth are equallj 
mi oKed 



Fia 109 —Multiple pug pockets in^olndelbe roots of tl e loner molars sud 
bruspide 


Alveolar Abscess — Alieolar abscess m the acute stage, like osteo- 
mjelitis giies no roentgen e^^de^ce of its presence Verj shortly, 
howeier, rarefaction appears about the root imohed and at first, 
the resulting dark area merges into the structure of the surroundmg 
cancellous bone As the process becomes more chronic, a limitmg 
wall appears about it and the picture then becomes one of a definite 
dark sac attached usualh about the apex of the root This is the 
famihar form of ah eolar abscess Histologically most of them are 
found to be mas'^es of granulation tissue containing a certain number 
of bacteria, less frequently there is a defimte abscess caMtj with a 
lining membrane Erosion of the tip of the root extending into this 
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cavity IS often seen In long-standing cases, deposits of new bone 
laid dow n about tbe apex of the root pro<luce bulbous enlargements 
w hich ma\ w boll} or in part fill the old abscess ca\ ity 



Fio 110 — I Piorrbea pocket about tb«m«siobuccal root of the left upper flijt 
molar S adtaueed R gg a disease with absorption and recession of tbe alveolus 
but without definite pjorrhea pockets S chronic abscesses at ap ccs of palatal and 
mesiobuccal roota of tbe left upper first molar 4 osieom} elit s arising from tbe roots 
of the left lower first molar S proliferative inflammatory granuloma with central 
•ofteniDg at tbe apex of the ngl t upper second tacuspid 6 devital zed left lower 
molarshowingcanes rootcanalfilLDgsandsmallapicalgraQuIoma 7 impacted right 
lower third molar with pus pocket 8 small pyonhea pockets abo it botli upper 
central inc sors and transverse fracture of the left upper lOc sor 
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The treatment of such an abscess should depend upon all the 
e\idence medical and dental as well as radiological which can be 
obtained Not ever\ tooth with an aheolar abscess should be 
extracted, but each case should be treated upon its indiMdual 
merits Abscesses must not be confused with extensions of the 
antra downward or pockets in the antra in the region of the upper 
bicuspids and molars nor with the submental foramen which fre- 
quenth overlies the apex of a lower bicucpid Tilms of the upper 
incisors occasionalh show the shadow of the nostril overlying a 
root which simulates an abscess On the other hand small abscesses 
arising from lateral margins of the root and overlapped the image 
of the tooth mav he overlooked cntirelv 



Fio 111 —Impacted upper c»tune tooth ij^of beoeath a bndj;e 

Cysts — Cvstsarefairh common in the jaw There are two forms 
root cjst and dentigerous evst The former appears as a large 
rounded area of rarefaction in the jaw, usually attached to or 
partially enclosing one or more tooth roots and showing little or 
no evidence of trabeculation Cysts may be multiple Dentigerous 
cysts have a similar appearance except that they develop from a 
buried tooth bud and generally contain teeth or portions of them 
The bony structure of the jaws may be subject to any of the dis 
eases which affect the rest of the skeleton Osteomjehtis is fairly 
common and shows the same irre^lar destruction and proliferation 
seen elsewhere A localized osteomyelitis in the anterior portion 
of the mandible mav extend into the mfenor dental canal and dram 
through the foramen m the ascending ramus into the soft tissues of 
the cheek protlucing an inffammatorv mass m the region of the 
parotid gland A particular sort of osteomyelitis occurs with 
phosphorus poisoning the Imnt Iiecomts increased in tlensitj and 
thickness as a result of new bone production which i» followed later 
bv suppuration and necrosis represented bv irregular rarefaction 
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\ lesion of the jiw has occurred in workers using radium paint 
It IS seen as a widespread dr\ necrosis without sequestra Sj-philis 
occurs occasionalh m the form of an irregular mottlme of the bone 
due to extensn e spotted rarefaction 

Almost an\ benign or malignant tumor raa% occur m the jaw 
The most common forms are evsts giant-cell tumors osteogenic 
sarcoma carcinoma Their appearance is identical with that of 
similar growths m other flat bones In addition the jaw is the seat 
of a tumor peculiar to it the odontoma which is a dense mass made 
up of \ anous tooth tissues and max be attaclied to a tooth or be com 
po«cd of scxeral teeth fu'^ed together Sometimes thev take the 



Fjo 112 — S mple cj»t of tbe jaw 


form of undefinetl ims'ies of considerable densitj which continue to 
grow and develop into hri.e deforming tumors Adamantinomas 
•tre sfowh gmniog masses nfi/ch max ormit ttot cantstn cxIaSed 
material Thev usuallj show multiple irregular small cjsts within 
their structure Thex expand the alveolar p-ocess carrying a 
thin bonj shell ahead of them The solid forms of the tumor are 
rare thex usually occur m the upper jaw and require two to three 
\ ears for their dev elopment Tlie much more common cj stic form 
j,enirallx appiars m tin. hmir jaw and max take ten or fifteen xears 
to dexekp llicsc tumors do not nictastasi7c Imt tlicx tei d to 
dexelox) local implants after operative removal 
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Sain ary calculi must be mentioned in anj consideration of the 
teeth Thej cast dense round or o\al shadows seen in the position 
of the salivarj glands or ducts ^Vhen projected upon the mandible 
in ohhquc xiexis the^ must not be mistaken /or areas of density m 
the bone Ihe outlines of the ducts and their branches in tie 
sahvarj glands ma\ be demonstntcd bj filling them with lipiodol 
This IS a useful procedure where stones are suspected but are net 
demonstrated on routine films 



Fio 113 — AdsmBnliDomm 


The shadows of calcified cervical glands often appear in films 
taken of the teeth The\ are spotted inu1berr\-like shadows char- 
acteristic of calcified glands anywhere The tip of an unusualh long 
stjloid jirocess ma> be projected upon the upper molar region 
and be mistakajj ixv a tooth nr a s^pernumerarji tnoth 
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CHAPTER VI. 


THE SPINE 

TnOM the roentgen ray Mew'pou't the spine consists of a senes 
of bodies of cancellous bone structure increasing m size from above 
downw ard, separated by transparent cartiliginous discs, and present- 
ing posteriorly a more or less confused and overlapping mass of 
pedicles, lamina, articular and spinous processes An antero 
posterior mcu shons the bodies arranged in a straight line, the 
interi ertebrnl discs and the articulations seen well in some regions 
and poorly, or not at all in others, according to the angle of the 
incident rays The lamina and spinous processes overlap the 
inter% ertebral discs and articulations, the latter follow mg a more 
or less straight alignment uniformly spaced 
In the lateral view the bodies follow' a smooth sinuous hne There 
is a forward curve in the lower cervical spine, depending in shape 
upon the position of tlie head a pronounced backward curve in the 
thoracic region (most marked usually in the upper half) which blends 
gradually into the forward projection of the lumbar spine and ends 
with the decided backward course of the body of the sacrum and 
the anterior return of the lower sacral and coccygeal segments 
The arcs of these curves, like everything else m the spine, are 
subject to great variation depending upon the type of individual, 
sex, weight, occupation and age, and no great emphasis should be 
placed upon them with the following exceptions First, where 
there are abrupt changes from the normal alignment limited to 
two or three bodies, such a condition occurs as a result of trauma, 
infection, arthritis or malignancy and should prompt most careful 
investigation of the affected area Second, where the normal 
curve IS reversed, e g , m the lowercervicalspine meases of arthritis, 
where the convexity of the line of the bodies is backward- 
The angle between the lumbar and sacral spine is extremely vari- 
able In childhood it is rather flat, in normal adults it averages 
120 degrees A line drawn through the center of the disc between 
the last lumbar and first sacral bodies forms an angle of about 30 
degrees with the horizontal plane Variations from this average 
are seen in both directions 

Technic —The position of the tube with reference to tlie patient 
in spinal examination is of considerable importance In dealing 
(146) 
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with a curved structure, a source of diverging rays and a flat record- 
ing surface, it is necessary to emphasize the importance of always 
having the target of the tube opposite the center of curvature of 
the. arc under examination. It is impossible to secure accurate 





Tio 110 — Latent ot ponoal adult lumbo-eacrsl repon. 


individuala In antcropostenor \ie\is, successne films of small 
areis taXen with the inaJent rajs directed along radii of the arc 
should be the rule Probablj from neglect of this simple matter, 
more errors of interpretation ha^e occurred at the lumbo-sacral 
junction than in anj other portion of the skeleton Fortunately 
lateral ^^ews of all parts of the column are noi\ a\ailable and 
are a great help in cliecLing the findings of the anteroposterior 
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\ lews Here again the choice of sides and the le\ el of the target 
should depend upon the amount of lateral cur\ atiire of the bodies 
as the patient lies upon the film the effort being ahvajs to make 
the divergent rajs pass clearK tl rough as manj intervertebral 
discs as possible 

Development and Epiphyses — Ihe proceas of ossification begins in 
the second month of fetal 1 fe Lach vertebra presents at least 
five centers of ossifcation one for the bodv two for the neural 



arch and tw o for the transv erse processes The center for the body 
mav develop from two nuclei one for each lateral half Wedge 
shaped and extra half bodies are the result of asj mmetncal grow thof 
such multiple centers or of the absenceof one Bodies of the v erte 
bra? of infants often shov partial vertical divisions due to incom 
plete fusion of multiple ossification centers manj cl ildren up to 
the time of puberty show in the lateral view thm horizontal zones 




of rarefaction extending backward from the middle of tlie anterior 
margin of the body, due to remnants of the bIood\essel3 of early 
fetal life 

The centers for the neural arches fuse at the sixth to the eighteenth 
month after birth Union begins at the tenth thoracic vertebra 
and extends up and down the column from this le\cl reaching the 
fifth lumber \ertebra and sicrum at about two jears of age 

Small accessory centers appear later for the tubercles on the 
articular processes and for the tips of the trans\ erse and spinous 
processes From the twelfth to the fifteenth year small plates appear 
at the corners of the bodies first seen in the lower thoracic region 
thej are united to the bodies bj the twent> fifth jear but in some 
mdniduals one or more may persist into adult life The> ha\e 
been mistaken for fractures The fifth lumbar xertebra may ha\e 
one center on eadi side from which is de\ eloped the pedicle trans 
xerse and superior articular processes and a second center for the 
lamina inferior articular process and lateral half of the spinous 
processes 

Failure of union of these nuclei maj give five lines of cleavage 
first through the spinous process second and third between spinous 
processes and articular processes on the two siles and fourtli and 
fifth between articular processes and the body Such breaks m 
the neural arch may last through adult life and many of them hav e 
been erroneouslj considered fractures Tiiey are of great import 
nnce in connection with the production of spondylolisthesis 

Bodies —Inasmuch ns they are composed almost entuxily of can 
cellous bone vertebral bodies are involved in the same disease 
processes as spongy bone elsewhere and thev react in the same way 
to trauma and disease In children they are affected by the same 
diseases and at the same ages as the epiphyses of the long bones 
In adults the mechamsm and healing of fractures and tl e type and 
course of malignancies are identical with those in all cancellous 
bones 

The normal body is smooth upon its lateral margins Its superior 
and inferior surfaces may be somewhat irregular and are often con 
cave Uhere exaggerated curvatures are present normal bodies 
assume a wedge shape This is seen in the thoracic region where the 
anterior portions of several adjacent bodies may be considerably 
compressed and the fifth lumbar body is almost uniformly thicker 
anteriorly than posteriorly 

In general individuals of heavy build have large broad vertebral 
bodies while persons of alight habitus have narrow, high ones 
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Frosion of the b(xlies result from disease or from pressure 
exerted b\ tumors m adjoining organs 1 he most common example 
IS tlie crescentic defects produced in the thoracic or lumbar bodies b\ 
aneurysms of the aorta The discs are relativ el\ resistant ^\hlIe the 
affected bodies are dceph scalloped 
Discs —The interx ertebral discs being cartilaginous are, of course, 
transparent, but the spaces occupied b> them are easily demon 
strable w itli proper technic They max be absent in congenital 
anomalies, of tvhich a common example is the fusion of the atlas and 
axis, or ta o or three adjacent bodies m any portion of the column 
They mav disappear as a result of infection, m ith bonx union of the 


I 



Fia 118 —Showing fi>e plsnes aloDK vhich Iniiure of union may occur (After 
nmis) 

adjacent bodies, tins is seen after typhoid lesions and in healed mild 
tuberculosis The discs are thinned in old age, also as a result of 
chrome arthritis, and m early stages of infection in their vicinity 
Frequenth the earliest exidence of tuberculosis is a narroxving of 
the adjoining interx ertebral space 
Thin platra of calcification are sometimes seen i\ithin discs but 
thex are without clinical significance 
The discs are hkely to be preserved following trauma, and in luetic 
lesions of the spine Increase in thickness is practically always a 
local compensatory reaction to an increased angulation between 
bodies In the sacrum, portions of the interx ertebral discs often 
persist tliroughout life 
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'ihc disc IS composed of the oval fluid nucleus jnilposus in an 
elastic capsule surrounded bj the complicated fiber pattern of the 
annulus fihrnsus which is stronj'ly attached to the borders of the 
adjacent vertebrre This center is clastic and acts as a coiled spring 



FiQ 119 —Multiple anomsUcB Long twelfUi nb on the left ndc fused second and 
third lumbar \erlebr9 samaltzed aixtb lumbar body 


which tends to expand whenever its confining structures are weak- 
ened Wien the disc is niptiired the nucleus maj be dislocated in 
any direction It will tlien produce a notcli m one or both of the 
adjacent vertebrre or a localized expansion of the capsule may occur 
m any direction, forward, backward or sidew'a^s ^Vhen the ver- 
tebral bodj 13 generally weakened, as in osteomalacia, the elastic 
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nucleus produces a fusiform expansion of the disc ith correspond 
ing conca\ ities on the ^ ertebral bodies 
Articnlatjons —The phne of the articulations in the cervical and 
thoracic regions is roughK transxcrse and n hen seen in the lateral 
MCVt, inclined forivard xt the top so that the articular processes 
o\erHp each other from above downward like shingles on a roof 
In a well projected cervical spine most of the articulations are seen 
in the lateral view For the demonstration of those between the 
base of the skull and the first and second cervical vertebra; an 
anteroposterior exposure maj be taken through the mouth with the 
tip of the upper incisors at tlie level of the base of the skull In 
individuals with thin antral walU excellent views of the articula 
tions between the occiput first and second cervical vertebriE can 
be obtained bv projecting the base of the skull across the tops of 
the antra in an anteroposterior v lew 

V vertical projection of the base of the skull with the patient s 
head tilted well back against a film and the uicident rav coming 
m through the larvnv gives a good view of the bodv and transverse 
processes of the first cervical vertebra and the relation of the bod^ 
of the first to the odontoid process This position is especiallv 
valuable in dislocations of the first u| on the second 
Owing to the confused shadows of nbs and scapula the joints in 
the thoracic region arc often not well outlined 
At the junction between the twelfth thoracic and first lumbar 
vertebre the articulations are rotateil to a position nearh sagittal 
and this is true for the remainder of the lumbar spine The articu 
lations in the lumbar area are well shown bj oblique views with 
the patient turned halfwav between the supine and lateral positions 
There is the greatest variation at the himbo-sacral junction 
Both joints maj be transverse which gives the most stable back 
Both maj be sagittal which throws a great strain upon the liga 
mentous structures or one mav be transverse and the other sagit 
tal In the latter case the transverse joint cannot of course be 

sometimes rather roughened outline of the articular process appears 
and it has been mistaken for inflamraatorj or hvpertrophic change 
in the joint 

Spmous Processes —All the spmous processes are evident in the 
anteroposterior view, and their alignment and spacing are of con 
siderable importance 

In the normal spine there are alwajs slight deviations of the tips 
of these processes from an exactly straight line \ anations on the 
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part o/ ijidividual processes to the extent v! 5 to G mm from the 
midime are of no consequence and should be disregarded 
Abrupt clianges m vertical alignment at a given level producing 
a definite angulation in a Ime through the processes above and 
below it or a break in tlie line so that the processes above are dis 
placed laterally upon those below usuallj indicate a serious lesion 



Fio PO — na h> nda AbBenceofspoomprocesses n the lo^er lumbar and sacral 
reeons 

of the bodies or art icular processes and iurther examinations should 
be made to check this finding 

Abnormally Tilde intervals between neighboring processes are 
most often due to rupture o/the intersp nous ligament accompanvang 
dislocation of bod es and always call for a lateral survey of this 
area 

Failure of union of the two halves of the spinous processes is fre- 
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quentl^ seen in the lov.er lumbar region, at times iii the cer\ico- 
dorsal, and more rareK m the dorso-Iumbar areas This condition 
maj be mistaken for fracture l^Tien it is marked, it leads to weak- 
ening of the neural arch and predisposes to ligamentous strains, 
particularly at the lumbo-sacral junction E\treme examples are 
seen m spina bifida 

Small separate ossification centers for the tips of the spinous 
processes may fail to unite with the \ertebr£e 
Transverse Processes —The transverse processes of the cervical 
region are small except on the sixth and sev enth v ertebrT Those 
of the seventh may be large and long, simulating short cervical 
nbs They are rarely of anv importance clinically Those m the 
lumbar region are long, variable in size, and may be fractured in 
sev ere injuries of this area 

Small accessory ribs are seen at times upon the first lumbar ver- 
tebra, these must not be mistaken tor fractures of transverse 
processes. Ordinarily the smooth articular surface between the 
rib and transverse process will prevent errors of this sort 
\\ ide tnnsv erse processes on the fifth lumbar may impinge upon 
the top of the sacrum, or upon the wings of the ilia, causing symp 
toms by pressure, or by ligamentous strain due to the abnormal 
leverage of the process These large lateral masses may have artic- 
ulations upon the opposing surfaces 
The iliolumbar ligaments between the crests of the ilia and tlie 
transverse processes of the fifth lumbar vertebra may become 
calcified and cause local pain 

Anomalies —As has been indicated, tbe \ ertebral column is sub- 
ject to marked variation m development The points where these 
variations are most hkely to be found are where transitions occur 
cerv ico-dorsal, dorsolumbar and lumbo-sacral junctions 
In addition to the variations already discussed there may be 
striking abnormalities in the development of bodies and nbs, and 
when one anomaly is found there will usuaUv be others present, 
e g , failure of union of spinous processes and extra nbs, fusion of 
ribs, and extra bodies or portions of bodies Perhaps the most 
frequent variation m bodies is the occurrence of an extra vertebra 
This usually happens m the lumbar and sacral regions and is without 
clinical significance 

Extra half bodies are seen at times, and if in the thoracic region 
they are accompamed by a corresponding extra nb on the same side 
Such Variations have been called fractures, and have brought com- 
pensation to their owners following industrial accidents These 
anomalous bodies are of norma] structure and smooth in outline. 
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and should be readily differentiated from the changes due to trauma 
or infection (Fig. 117). 

Small triangular accessory ossiffcation centers occasionally persist 
on the margins of the bodies and at the tips of the inferior articular 
processes in the lumbar region They are often mistaken for frac- 
tures, particularly in industrial accident cases wJiere the patient 
lias received an Injurv in this area One must remember that these 
separate centers are common nhde fractures are rare, and that the 
adjacent edges of the bone are smooth and rounded and show a 
fairly good corte\ when an anomaly is present, while the edges of a 
fracture are more ragged and usually without a cortex. 



The most important variations are found at the lumbo-sacral 
junction; thg,v are of great consequence because of the strain 
thrown upon this region in transmitting the weight of the body 
to the pelvis Variations of some sort are found here in from 10 to 
20 per cent of all individuals 

The usual findings are 

1. Changes in lumbo-sacral angle, which ma> be very flat or 
markedly increased. 

2 Extra lumbar or sacral bodies 
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3 ide lateral ma'^ses upon the last lumbar \ ertebra which show 
all gradations from slight enlargement through those articulating 
with or impinging upon sacrum and ilium to complete fusion of one 
side with the sacrum (partial «acnil!zation) 

4 Rotation of the planes of the articular processes 

5 Imperfect dea elopment of articular processes 

6 Breaks m the neural arch of the last lumbar vertebra (um 
lateral lesions of this tv-pe are more common on the right side) 



FiQ 1'*'* —Anomaly of tbe neural arcii of the fiflb lumbar vertebra Tvb ch shows 
mult pie breaks In ront nu ty 


An\ of these maj cause symptoms of varying intensitj according 
to their degree and the size occupation muscular dev elopment and 
traumatic hazards of the individual People carrving such anom 
alies are more liable than normal persons to increased disabihtj 
from a given cause because of the additional ligamentous strain 
which IS present and the imperfect mechanical support afforded 
Spondylolisthesis —Spondvloh-rthesis or forward displacement of 
the lower lumbar vertebns ina> develop as the result of extreme 
Violence which ruptures attachments and lifts the lumbar articular 
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processes over those on the sacrum, or fractures them More com* 
monly it is seen as a result of breaks in the neural arch in the region 
of the articular processes which permit gradual forward displace- 
ment of the affected bodj Where this condition has existed for 
any length of time one sees beveling of the superior margin of the 
sacrum and mfenor edge of the fifth lumbar vertebra, usually accom- 
panied by hypertrophic changes In the anteroposterior views the 
transverse processes of the fifth lumbar vertebra tend to overlap 
the top of the sacrum and the overhanging edge of the fifth body 
maj be seen as a crescent across the upper sacrum There usually 
IS a rather ^\ide separation between the spinous processes of the 
last lumbar and first sacral segments Where there is a defect in 
the lamina, a definite break suggesting a fracture line with hj^ier- 
trophic changes about it maj be seen, or merelj an indefinite inter- 
ruption at the outer cxtremitj of the lamina which fails to blend 
smoothlj into the pedicle Films of the highest technical quality 
and lateral views are essential 

The fourth lumbar vertebra is occasionalh displaced forward 
upon the fifth in older individuals, without a break in the neural 
arch This condition is due to erosion of the articular processes 
or to the presence of a congenitally long pedicle 

TRAUMA 

Soft Tissues —Acute injuries to the supporting soft tissues about 
the vertebrie are not directly demonstrable Their presence is 
assumed where the normal relations of bony structures are dis- 
turbed When ligamentous lesions heal, hypertrophic spurs and 
bridges usually develop locally on the margins of the affected bones 

Fractures —Fracturesof the vertebnl bodies are usually the result 
of considerable violence, such as sudden extreme flexion heavy 
crushing injuries, or extreme muscular exertion 

There are two general types First, compression fractures which 
may vary from a slight check in the anterior or lateral margins of 
a body (similar to a greenstick fracture in a child s long bone), to 
a complete collapse of a portion of a body The milder forms of 
this injury commonly show little objective evidence of the lesion 
aside from persistent local tenderness A-ray examination may 
be negative in the acute stages of such an injury while later films 
may show a partial collapse of the injured vertebral body Second, 
comminuted fractures the result of more severe trauma in which 
the vertebra is extensively shattered either bv direct violence or 
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bj the impaction of another boda into it This second form as a 
rule gi\es unmistakable clinical e\idence of its pre«ence but ca^es 
ha\e been reported in which lesions of this t\'pe ha^e gone unrecog 
nized for months or \ ears until proper roentgen ra\ studies re^ ealed 



them Fractures of the spine raa> occur during the con\'ulsions of 
tetanus or those following the a Imiiii trttion of nietrazol in tl e 
treatment of psjchiatric disorders Acute fractures ma\ be com 
pleteh reduced and practically normal outlines restored 
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Injuries most frequently occur at the dorso-lumbar level next 
in the nnd-dorsal region and third at the level of the fovirth to the 
SLxth cervical bodies Fracture of the fifth lumbar vertebra is 
extremely rate 

The duTerentiation betneeu f/us condition and the destruction 
bj an acute infectious process (often accompanied bj the impaction 
of one body into another), may be a matter of some difficulty In 



Tia 121 — Fracture of the fifth eemcal vertebra w Ih forward dislocat on of the 

the majorit' of cases the traumatic lesions will show a substantial 
portion of the intervening disc stilf present while in the infectious 
type the cartilage commonly disappears Infectious processes of 
this extent are usually accompanied by the formation of penver 
tebral abscess 

Fractures of the neural arch including tfie articular processes is a 
more disabling injury on account of the inv oh ement of nerves and 
interference with motion The direct demonstration of these breaks 
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upon a film maj be a matter of great difficultj particularlj in the 
thoracic region Indirect e\idence maj be furnished bv the presence 
of callus formation Unlike the bodies these portions of ^e spine 
readily form callus which becomes calcified after the usual mterval 
of a few weeks Slight degrees of lateral rotation of one bod\ 
upon another abrupt changes in the alignment of the spinous 
processes ard \ar>irg degrees of dislocation ma\ call attention to 
a fracture which itself might ne\er be clearlj Msible 

Transrerse Processes —Fractures of these structures are usualij 
multiple se\eral adjacent ^ertebrc being affected Single pro- 
cesses may be broken bj local injuries such as blows from sharp 
implements Lsualli a small amount of callus is to be expected 
but fibrous union ma\ de\elop 

Care should be taken not to diagnose fnctures from the black lines 
formed b\ muscle shadows crossing these processes Such lines 
are smooth and stnight and upon close inspection will be found to 
extend beiond the margins of the bone 

Dislocations —In cases of spinal injurv it is essential to ha\ e 
films m two planes at right angles and often oblique \iews as well 
Irequentl) «light degrees of dislocation of the cer\ical aertebra 
which are unrecognized upon anteroposterior films are perfectlj 
obnous in the lateral iien 

Or the anteroposterior \ lew ma\ show on)\ an increased distance 
between the spinous processes of the affected \ertebrte The lateral 
film in addition to the mtcrspinous separation re\ eals the extent 
of injur3 to the bo<lies and the amount of o\ er riding As a rule 
the upper bodies slip forward upon the lower 

Displacement of the skull upon the first eer% ical ^ ertebra is com 
monij fatal and these lesions are mreb seen b% the roentgenologist 
The atlas ma> be rotated laterallj upon both skull and axis in 
children without causing permanent disability but the usual dis- 
location at this le\el is accompamed by fracture of the odontoid 
process For the recognition of this condition films through the 
wadely opened mouth as well as accurate lateral Mews are necessary 
In the normal indn idual a true lateral x lew w ill show the anterior 
margins of the bodies of the second and third cervical vertebrae 
lying upon an approximateh straight line and the odontoid process 
inclined somewhat backward The posterior margin of the body of 
the second cervical vertebra continues smoothly without a break 
into the outline of the odontoid The odontoid process arises from 
a separate center of ossification which may fail to unite with the 
body in some cases 
U 
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Spondjlolisthesis is best recognized m lateral views The mech 
anism of its production has alreidy been discussed It should not 
be forgotten that w here a unilateral displacement occurs the spinous 
process is shifted toward the affected side unless there has been a 
break m the lamina 

Sacro-iliac slips have long been a subject of animated discus 
«ion Climcians and surgeons tend to read more pathology into 
these joints than experienced roentgenologists are willing to admit 
Slight variations in the width of the joint space and the alignment 
of the adjacent bone margins are so common m individuals who 
are sjmptom free that it is extremely difficult if not impossible, 
to find any roentgen raj confirmation of the common clinical diag 
nosis of relaxation strain or slip Difference m the levels of the 
upper margins of the pubic bones at the symphjsis which has been 
urged as an index of sacro iliac rotation has proved to be of little 
value 

A disturbance occurs m the sacro-iliac jomts m adolescents of 
fifteen to seventeen vears in which the joint margins hecowehazi, 
witli areas of increased densitv It is due to an affection of the 
epiphvses winch arc present at this time on the margins of the 
sacrum and is similar to osteochondritis elsewhere m the spine 

Real dislocations of the sacro iliac joints do occur but only as the 
result of falls from a great height or from severe crushing injuries 
and they are usually associated w ith fractures elsewhere in the pelvic 
nng 

The coccyx maj be dislocated forward upon the sacrum by a fall 
or a blow Lateral views are nccessarv to confirm the diagnosis 

Scoliosis —As a result of the failure of supporting structures or 
more rarelj because of asvmmetncal ilev elopment of the v ertebne 
lateral airvatures of various degrees ire seen T1 e slight ones are 
usually postural and no permanent change in the shape of the bodies 
IS present The severe forms are cau^ bj anatomical variations 
m the vertebrse orby paraljses and thej usuallj show one or more 
wedge-shaped vertebral bodies A survey of the entire spine in 
such cases will at times give a due to the causative factor 

INJECTIONS 

Tuberculosis —Tuberculosis is the common infection involving 
the spine It most frequentlv begins between tbe ages of two 
and fiv e j ears Approximatelj 60 per cent of the cases occur in the 
thoraac region 20 per cent m the lumbar and sacral portions 15 per 
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cent at the dorsolumbar junc^on and 5 per cent in the cer\l{al 
region. The picture is one of irr^;u!ar destruction of one or more 
vertebral bodies followed bj. their collapse and the disappearance of 
the affected intervertebral dis(s, in a few rare cases the disc is not 
destrojed. A fusiform shadow about the diseased area, usually best 
seen in the anteroposterior film, results from the dev elopment of a 
perivertebral abscess which maj extend for a considerable distance 



Fjo 123 —Tuberculosis of the thoracic epine m an adult. 


up and down the column. If drainage is not established such 
abscesses may persist for jears and gradually become calcified as 
they heal In the acute stages of the process in adults the lesions 
in the bodies may be invisible, but thinning of the intervertebral 
discs adjoining the infected body occurs early This dunimition 
in the intervertebral space usuallv involves the entire disc iiiii- 
formlv and calls for careful observation of the suspected area 
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Well est'iblished cases niij show one Iwdj impacted into another 
or several bodies considerably ero<Ied, and although the interver- 
tebral cartilages may be destroyed, the articular processes will 
preserve a certain amount of separation between the remnants of 
the bodies 

Healing of tlic process may occur at any stage w ith gradual res- 
toration of normal density and structure in the fragments of bone 



Fic l‘’6 —Lateral view of the tome patient u m Fik 125 

which remain iinaflcctcrl and the appearance of calcification in the 
tissues about them The angiifation of the spine persists It is 
partly compensated for by thickening of the anterior portions of 
the intervertebral discs above and below the lesion 

Tuberculosis of the sacro iliac joint is rare TOien it does occur 
it IS usually part of a generalired process and is more often seen in 
adults than m children 

It produces an increase in the width of the joint space and a 
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ragged irregular mottled appearance throughout the joint The 
adjacent bone maj be increased in density 
Typhoid —This lesion appears m the form of localized areas of 
rarefaction near the comers of vertebral bodies with local thm 



Fio 127 — Tubcrculoi a of the sp no Bhow ng calc Heat on n a small psoas abscess 

mng of the adjacent disc and the subsequent dev elopment of a lieav j 
bonj bridge about the focus and disc resulting in complete obht 
eration of the cartilage and fusion of the adjoinmg vertebrse Dif 



irf) THE SPINE 

fcrcntiation of this condition from tonRcnital fusion depends upon 
tlie clinical histori , and evidence of other anomalies m the spine 
Vndaiittt Tever —This disease maj atticX the bones, and when it 
does the spine is most often invoUed Tlie process resembles that 
of an acute osteom\ehti3 and is usually multiple it involves the 



ria l'’S — Tubcrculo* a of tho »P no thowinE I tile act vity after ee'eral years 
of treatment Note the sharp edgsa of the three I»<1 es chelfy involved Areas 
of activ ty stil] present In the body beneath them at A 

bodies and the intervertebral discs There is considerable new 
bone formation and bon> bridges maj develop between the involved 
vertebra 

Lues — Lues seldom involves the spine When it does occur it 
takes the form of extensive coarse proliferative lesions involving 
several bodies, there may also be some evidence of bone destruction 
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The discs are usualh presened Irregular destnictue lesions in 
the articular and spinous processes ha\e been seen resembhng those 
in the ends of Jong bones Charcot joints Jna% occur in the eerv ical 
or lumbar region The changes are those seen else\\here in this 
disease increase in the den‘!it\ of tlie affected bodies and large 
irregular bonj masses m the soft tissues about them 
OsteomyeUtis —Wien 0 :>teom}elitis occurs in the spine the proc- 
ess IS similar to tint •icon m other bones of the nme tjpe causing 
irregular rarefaction and new bone formation about the diseased 
area The clinical picture aids m the diagnosis as the process is 



F o l'>9 — Typtio d *f nc F Im taken two months after the onset of pain m the 
back and three months after the beg nning of the lUne s It shows narrowing of the 
intervertebral space and areas of bone deatruct on n the poster or part of the bod es 
Flm » X tnonlhs later showed fus on of the ante or marg ns of the bodies and clean 
cut outl ties posteriori} 


more acute in ptogenic infections than in those pre\iousl\ men 
tioned and the constitutional reaction is more severe Chronic 
lesions such as those of actinomycosis or blastomvcoss produce 
irregular areas of destruction usually in several bodies which how 
ever do not collapse Chronic perivertebral abscesses accompany 
these lesions and the responsible organism mav be isolated in the 
discharge from their sinuses 
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Arthritis —The common climge dut to arthritis m the spine i® 
the deveJoprnent of IiiTiertrophic fringes on the niarj5:ins of the 
bodies These maj be no more than slight sharpening of the 
edges of the vertebre or in old cases large hooks which practicall} 
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of ail iDjurj Similar changes occur about the articulations but 
are not particuhrli e\ident lo ordinar> cases These smaller 
changes, particularl^\ those about ner\e canals and articulations, 
are a common cause of chronic back pain and are probablj of con- 
siderabl} greater importance to the patient than the larger fringes 
upon the bodies 

The lower lumbar ner\es pass out behind the mter% ertebra] 
discs, the posterior and lateral surfaces of the \ertebral bodies and 



Fia 131 — ’AnkjlosmE t}pe of nrthrilu Note tbe complete fuaion of the Mrtelirte 
&nd disappearance of the sacro-itiae joints 


m front of the articular processes This course renders the nerves 
\ uincrable to irritation or infection either in the discs or the articu- 
lations \\ ith the disappearance of a disc from anj cause, there is 
necessarilj some over-ridmg of the articular facets, i\hich reduces 
the diameter of the nerve channel This is particularly true of the 
lumbo-sacral joint 

It must not be forgotten that such changes in the lower cervical 
vertebra are a frequent cause of symptoms m the arms 
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In persons over sixtj ^ears of age, wlio hive hail long standing 
arthritis, the backward curve of the upper thoracic spine may be 
greatly increased due to gradual compression of the anterior por- 
tions of these bodies A number of adjoining bodies are imolved, 
and their structure shows a considerable degree of rarefaction 
These points ire important m the differentiation of this condition 
from compression fracture which does not affect multiple bodies 
uniformly 

An} type of infection inaj deielop in the articulations of the 
spine and usually there is \ery little evidence upon the film by which 
to identify the invader The picture is that of localized destruction 
of the articular surfaces thinning of joint spices and, in the healing 
stage, various degrees of new bone fonnation 
Thehlane-Strurapel type is a severe and disabling form of arthritis 
sometimes seen in young mdividiiah.m which there is a disappear- 
ance of the articulations throughout the spine with subsequent 
complete ankilosis Simihr changes m the hips and shoulders 
maj accompanv the spinal lesions It usually begins in the sacro- 
iliac joints and moves progressive!} upward The articulations 
are first affected and later bom spurs appear about the interver- 
tebral spaces After sev enl } tars the spine is completel} ankylosed 
The upper cervical vertebre are usually spared 

TUMORS 

Any tumor developing in cancellous bone ma} be found m the 
spine Pnmar} tumors are rare metastatic lesions fairl} common 
Angioma causes a coarsening of the structure of the affected body, 
the trabeculie are widely spaced and the vertical ones are increased 
m size and density Tlie bodies are not enlarged Usually the 
process is limited to one body, hut several adjacent bodies may be 
affected The disease is more common m older individuals 

Giant-cell tumors show their characteristic trabeculation Tlie} 
are prone to extend into the processes and ev en to involve adjacent 
bodies 

Any form of primary osteogemc tumor may attack the vertebre 
The appearance v aries from complete localized destruction of the 
affected bone by the rapidly developing growdh to the slowly grow- 
ing fibrous type which is indistinguishable from metastatic car- 
cinoma The earl} lesions are apt to involve one margin, or one 
side, of a body which is progressive!} destro}ed The body 
does not collapse unless the growth is unusually soft, the tumor 
mass carrymg the load— in some ctaes— for a period of years 
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Malignant Ijmphoma, when it m\ol\es the vertebra?, causes a 
haziness m outline and a mottled appearance which is not charac- 
teristic, or there maj be extensive destruction with collapse of a 
bod\ In some cases there is direct extension of the process from 
adjacent Ij mph nodes 

The common forms of carcinoma produce a mottled rarefaction 
which is quite definite, but extensive involvement of several bodies 
raav be present without recognizable evidence of the disease on 
good film*! Other parts of tlie skeleton are usuallv affected and 



Fig 13S *— An^iom^ of a thoracic vertebra 


the pnmarj lesion mav be discoverable As a rule several bodies 
are involved 

Certain slonl^ growing carcinomata, most of them metastatic 
from the prostate, breast or thjToid, give a striking picture owing 
to the marked bonj reaction thej evoke The spne, nbs and 
pelvis are greatlv increased in densitj, and somewhat mottled. 
Cases of this tjpe may live for many years 

Myeloma produces rarefied lesions with multiple trabeculations 
running through them somewhat resembling giant-cell tumors 
More than one vertebra is usually mv olved and there are associated 
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lesions in other bones notably nbs, sternum and skull Single 
lesions may occur (Fig 133) Ihe tumors are soft, and gradual 
compression of tlie affected bodies is to be CYpected Kadiation 
sometimes gives marked relief of pain 
Hj-pernephroma maj occur as a single destructive lesion and be 
confused with a primarj tumor It has no distinguishing char 
acteristics 



Flo 1S3 — Tumor of kcooU luinhitr vertebra d agnosed beiugn giant-cell tumor 
and treated n th irrad at on in UK’S Patient waa operated upon December IS 1030 
apecimen removed at th s time was d agnosed myeloma There was no other bone 


Osteochondritis —Calve lias descnlied a condition in which ver- 
tebral bodies in children showed marked flattemng and irregularly 
increased densit j resembling the changes seen m the tarsal scaphoid 
the head of the femur and other cancellous areas The process 
pursues a chronic course with spontaneous healing The adjoining 
discs are thickened rather than thinned 
In certain dwarfs with irregular and dela>ed development of the 
epiphyses of the long bones the vertebral bodies have showed the 
same erratic growth as the epiphv^es resulting in marked deformi 
ties of outline and structure 
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l\ummel and ^ erneuii ha\e described a gradual softening of 
\ertebral bodies follo;\ing trauma Aertebre shoeing no immedi 
ate evidence of injury ba\e ‘tlonK lost their density and undergone 
a gradually progressi\e collapse 



Spma! Cord Tumors — It is onh in recent > ears that the roentgen 
examination has assumed a role of an\ importance in the diagnosis 
and localization of tumors of the spinal cord and its membranes 
This ad% ance has been in a laige part, due to the de\ elopment of 
better roentgen technique m the examination of the spine and to 
the mtroduction of contrast substances such as air or iodized oils 
into the subarachnoid space 
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Tumors of the cord or its membranes do not produce a reaction 
m the cord which can be seen on the roentgen film They do, how- 
ever, cause pressure changes m surrounding vertebra and in the 
soft tissues which may lead to their recognition The factors on 
which a diagnosis is based are thinning of a portion of a vertebra, 
especially narrowing of the pedicles, widenmg of the space between 
pedicles and displacement of the soft tissues about the spine with 
the development of a soft tissue tumor 

Intramedullary Tumors of the true cord are less often demon- 
strated on the roentgenogram than extramedullary lesions, when 
thej are demonstrable they usually appear as a more or less 
fusiform dilatation of the canal mvoKing several vertebr*® A rare 
tumor of this tv'pe, but one of considerable importance is the 
I^TUphoma These tumors occur most often in the cerv ical or upper 
dorsal regions and cause extensive widening of the canal with thin- 
ning of the pedicles 

Extramedullary and extndurai tumors frequently cause changes 
m the vertebra, the spinal end of the ribs and surrounding soft 
tissues which make their recognition possible Tlie area of bone 
absorption maj be confined to a single vertebra or to parts of 
two vertebrie 

The most common tumor of this group is neurofibroma and it 
presents the most tj^Jical roentgen findings, namely , erosion of one or 
more pedicles, widening of (he intervertebral foramen and a concave 
defect in a body of a vertebra Tlie head and neck of a nb may 
be absorbed, at times small flecks of calcium may be seen m the 
tumor mass When these tumors occur m the thoracic region they 
may extend into the lung field and appear in films taken of the 
chest as round sharply-defined, dense masses close to the spine 

The introduction of one of the heavy oils (lipiodol) or air into the 
subarachnoid space following lumbar puncture permits a more 
accurate diagnosis and frequently reveals definite evidence of a 
lesion not visible by more simple methods The roentgen examma 
tion of the spme and cord by this method requires the cooperation 
of the neurosurgeon, and special roentgen equipment is necessan 
The equipment should include o tilt top table and a device for the 
taking of aimed films similar to that used m making gastro-intestinal 
exammations 

The patient is placed on the tilt table after the contrast substance 
has been injected and its movement is observed fluoroscopically as 
the position of the patient changes Observations should be made 
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from as manj angles as possible, and when irregularities are noted 
thej should be recorded on "spot” films IMien the fluoroscopic 
CTammation is completed, large films should be made m at least 
tno planes, using the Potter-Buch> diaphragm 
The findings on iihich a diagnosis is based are obstruction to, 
or de\a> m, the movement of the contrast substance and changes 
in its size, shape or outline Intramedullarj tumors usually cause 
a complete or partial block and ma\ show a cap-like deformitj of 
the end of the ad\aneing contrast media E^tramedullarv tumors 
usually cause irregular or roundwl marginal deformities and there 
IS absence of a cap deformitv 'vot all deformities demonstrated m 
this manner are due to true tumors, some ma\ be due to anatomical 



Fig 135 — Elsberg and Dyke 8 cbnrl of the normal ineasurementa between pedicles 
at the >snous levels of the spine Eatreme upper limiM solid lines usual upper 
lim itji broken lines Measurements greater than these suggest the possibiliO^ of 
spinal cord tumor and call for a careful neurological examuiation particularly if 
they are associated with compression of the pedtdes 

variations, enlarged bloodvessels or inSamniatorv processes Per- 
haps the most important non neoplastic lesion which can be diag- 
nosed bj this method is a displacement of a portion of the inter- 
vertebral disc These lesions occur most often in the lower lumbar 
region and are a frequent cause of intractable low back pain— thej 
produce a small notch like deformitj m the contrast substance as it 
passes over the affected area when seen in profile (see Tig 134) 
The roentgen diagnosis in the hands of experts has reached a high 
degree of accuracj , and operative remov al of the disphceil fragment 
usuallv results m a permanent cure 
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JOINTS, TENDONS AND BURS^ 

THE JOINTS 

Trauma —Injuries to joints 10 * 1 % be accompanied b\ soft tissue 
swellmg ^separation of ligamentous attachments dislocations or 
fractures If important ligaments ha\e been tom abnormal mobil 
itv mav be present 

Loosening or separation of the lateral ligaments of the knee maj 
be demonstraterl b\ t^o antero-postenor films one made ^vith 
im^ard pressure on the lower end of the femur combined \Mth a 
lateral pull on the anUe so that the internal lateral ligament is 
put imder tension and a second film made with outward pressure 
on the lower end of the femur and an inward pull on the inUe to 
test the exterml lateral ligament 

Similarh separation of the cnicial ligaments ma\ be looked for in 
lateral Mews made with the tibia pressed forward and back'ward 
upon the femur 

^^hen a tendinous insertion 1 $ pulled loose a small flake of bone 
IS usually detached with it and in the process of repair a bony 
spur maj form at the site of the separation or a fibrous union occur 
w ith a small rounded osteopln tc remaining as e\ idence of the injur\ 

Arthntis —There is as ^et no realh satisfactor% clas^ificition of 
joint diseases It must be insisted that no hard and fast adherence 
to the general t\pes desenbed below is possible Atjpical joints 
and those which fall under more than one heading are often obser\ ed 
In the stud} of a pathological joint the following features should 
be carefullj noted (1) Periarticular swelling m the soft parts (2) 
effusion in the joint (S) erosion of cartihige as e^iufencecf 6} efim 
inution of the joint space (4) changes m densita of the bone (5) 
outgrowths of new bone formation (6) the joints inaohed and 
(7) age and sex of the patient 

Hypertrophic arthntis is the most common form It occurs in 
indiMduals over forty years of age more often men of a sthenic 
tjpe and is slowly progressive It is caused b\ mechanical strain 
interference with the cuculation of the joint infections or intoxi 
cations and is to some extent a jrart of the change whicli occurs 
12 ( 177 ) 
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\nth age A localized fonn frequently develops about the margins 
of %ertebrfB which have been injured Its characteristic feature is 
the presence of spurs or lipping on the margins of articular surfaces 
and vertebral bodies Tliese outgrowths are dense with sharp 
edges and in some cases cause fixation of a joint by interlocking 
or fusion There is no effusion m the joint unless it has been recently 
Injured There is usuallv no narrowing of the joint space and no 
decalcification of adjacent lione It may attack any joint usualK 
the larger ones and is very common in the spine The^ joint 
changes ma\ exist for a consideralile length of time w ithout gi% mg 
definite syunptoms but they arcapparenth points of lowered resist 
ance for after injurv they roa\ be tl e seat of acute painful reactions 
which are entirely out of proportion to the injury and would not 
have occurred m a normal joint This condition is continualh 
being encountered in industnal aceuient w ork (See Fig 130 ) 

Villous Arthritis — \ tllous arthritis consists of a thickemng in the 
soft parts due to overgrowth of svnov^al fringes It may be 
seen in lateral views of the knee where tlie posterior portion of 
the capsule is occupied by a mass of slightly greater density than 
norma) with a stnngv fan sinped shadow radiating anteriorlv 
betw een tl e condv les of the femur an 1 the tibia 

Atrophic Arthritis —Atrophic arthritis is a progressive extremely 
painful and crippling disease roost often seen in women between 
the ages of twentv ami fiftv vear* It begins with periarticular 
swelling followed by gradual loss of articular cartilage shown b\ 
narrow mg of the joint space and is accompanied hv severe atrophv 
of the soft parts an I decalcification of bone There is no tendenev 
to new I one or spur formation The hands and feet are usually 
affected first and later the Knees cUiows and shoulders mav be 
mvolveil The process extends over a period of vears ending 
tvpicallv m comphtc ankvlosis and bone destruction 

Stills Disease —Stills disease i> a form of infectious arthritis in 
children beginning before the sixth vear There is slowly progres- 
sive enlargement of multiple joints Ivmph glands and spleen The 
affected joints show great enlargement without evidence of effusion 
or suppuration The bones are extremelv rarefied and show finelv 
pencilled outlines 

Infectious Arthntia — liifectiou-* artliritis itt icks am joint at any 
age Its forms art txtmnilv vaneilt wn ^ to the difftreiit causative 
agents \ii\ organism ulittlt cirailitcb m tl t hh od stream imv 
he responsible for it Jhe most common tvpes ire pvogemc gon 
orrheal tuberculous an 1 svpbilitic 



ISFECTIOUS ARTHRITIS 17 ^* 

P\ogenic arthritis is usuallv due to staph% lococcus streptococcus 
or pneumococcus infection The acute forms attack one or many 
joints •which show soft tissue swelling and effusion in the sjno\ial 
cw itj The process may then subside w ith disappearance of these 
signs In the chronic form decalcification of the articular ends of the 
bones occurs and there isearlj erosion of cartilage with narrowing 



of the joint space In addition to the destruction of cartilage a char 
acteristic finding is slight irregulantN in the outline of the articular 
surfaces of the adjacent bones and the presence of multiple ''mall 
areas of rarefaction close to the joint surf ice Later as repair 
begins hjTertrophic chsnges m*i^ make their sppcsnnce at the 
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margins of the articular surfaces, or the cartilage niaj be entirely 
destroj ed and ank> losis result hen healing is complete. 

Gonorrheal arthritis is usually monarticular but it ma\ be indis- 
tinguishable roentgenologicallj from other infections. There are 
two findings nbich are suggesthe of Keisserian origin One is a 
localized destruction of the cartilage on the under surface of the 
patella, uhich sinks in touard the condjles of the femur. Sub- 
sequenth hj'pertrophic changes appear on its> margins and on the 
adjacent areas of the femur. The second is the occurrence of 
small localized areas of rarefaction in the bone at the junction of 
articular surfaces and cortex (Fig I3S) Another result of this 
infection is the development of new bone ileposits along tendinous 
attachments These spurs ma\ be the result of the activitj of other 
organisms, but the great majority ate gonorrheal. 



Goat —Gout IS less common but, like the first tj^pe, occurs after 
forty, more frequently in men than in women. In a t\ pical case it 
presents periarticular swelling and characteristic punched-out areas 
in the bones at the margins of the articular surfaces These holes 
are sharply cut and % ary from one to se\eral millimeters in diameter, 
in se^ere cases causing complete destruction of an articular end 





Charcot Joints — Qiarcot joints are due to trophic disturbances 
usuallj associated with tabes dorsalis* or sjTingomvelia When of 
tabetic origin the weight bearing joints are aflected while in 
sjTingomveha the upper eatremities are more commonlj involved 
There is great swelling of the soft parts destruction of articular 
surfaces amounting to complete disorganization, and large irregular 
masses of calcified material ate seen scattered throughout the relaxed 




TUBhRCUWSlS 


183 


joijit capbiilt ihc bone is more Iikel> to be iicri'isot! in density 
than rarefietl Conditions A\hich nia\ le confiued ^\ith it are 
(1) Loose bodies m joints m which case the calcified masses are 
small dense and fe^ in number and the joint surfaces are not 
disturbed except that the point of origin of a fragment maj be 
evident in a chipped-off area on the articular surface or (2) calci 
fied hematomata m which the calcification is much more extensiv e 
and the joint surfaces are mtact 



F o 141 — Tuberculosis of the wnst u an aihilt Marked haz ness of the ent re 
carpus Jo nt spaces fairl> nell presersed No pet osteal react on 

Tuberculosis — Tuberculosis is more common in children andvoung 
adults but mav occur in the aged It is usuallv monarticular and 
rarelj involves more than two joints It causes slight enlai^ement 
of the soft parts effusion m the capsule and general haziness and 
muddiness of the entire joint area There is extreme decalcification 
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so that the outlines of the bones maj be reduced to a thm pencilled 
white line rnlargement and squaring of the epiphjses are seen 
and later more or less destruction of joint surfaces and interference 
with the growth of the bone Tlie limits of the diseased area tend 
to produce a scalloped pattern due to the confluence of induidual 
foci of destruction There is no new bone formation Occasionallj 
small foci occur m or close to the epiplnscs appearing as localized 
areas of decreased densit\ with bttle or no ev idcnce of joint rnvoh e 
ment A form of tuberculosis rare in tlie United States is tint in 
which the destructi\e lesions are associ itcd with i marked peroisteal 
proliferation indistinguishable rocntgenologicalk from that seen in 



svphilis The occurrence of periosteal jirolifcration in the vicimty 
of these joints IS generallj the result of secondarj infection During 
the process of repair there is increase in densitj due to deposit of 
lime salts A point of difference between tuberculous and pj ogenic 
iniecfions m acfiifts I'les in <fie fact tfiat pyogenic processes aftacA 
and destroy articular cartilage aery early and particularly at 
points of weightbearing or pressure In tuberculosis the joint 
space is preserved until late m the disease because of the tendency 
of the infection to spread inward from the margins of the joint and 
to spare the contacting cartilages (Hgb 31 and 32) Eventually 
the joint may be entirely destroyed Bony ankylosis m adults is 
rare 
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Canes sicca is a rare fonn of the disease seen most coramonlv in 
the shoulders, m adults It causes a ragged erosion of the articular 
surfaces without soft tissue svrellmg, effusion or decalcification 
(Fig 35) 

Syphilis — Sj'philis occurs at anv age It causes increased densitj 
in the soft tissues and the occurrence of a slight periostitis at the 
junction of the penosteura and sjTioMal membrane, occasionallv 
destruction of articular surfaces, particularly tliose of the small 
bones such as the carpus and the tarsus and local lesions in the 
epiph\ses suggesting tuberculous foci In some cases ns the result 



Fig 143 — Osteochondritis d ssecans 


of chronic inflammation in the s\Tio\ial membrane low, rounded, 
hypertrophic ridges will appear at the margins of the articular 
surfaces 

Hemophilia — ^\Nhen the joints are imohed in this disease the 
signs are those of chronic joint irritation suggesting tuberculosis 
There is rarefaction amounting even to pencilling of the outlines, 
hemorrhage into the joint, and moderate enlargement and squaring 
of the epiphj ses \t times erosion of the articular ends of the bones 
may occur, or calcification of the blood-clot within the joint In 
late cases the joint is eompleteh disorganized and anky losed 
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JOINTS TE\DONS lAD BURST 


Osteochondritis Dissecans — In tins c«n lition tliirt is a partial 
I r complttc iparatu n of a trc cintic area of linnc from the articular 
surface of a joint usually the knee or hip The inferior margin of 
the internal condj Je of the femur idjacent to the spine of the tibn 
IS the common site (I ig 143) Later on the fragment may become 
detached and appear as a loose bodi in the joint Loose fragments 
of semilunar cartilages ma> beha\c m the same manner If thev 



F a 144 — Mulupic calc Bed bodies lo the koee-jo nt (osteochondromatos s) 

carrj a small bit of subarticular bone w ith them or become calcified 
thej are clearh ^ isible As long as they remain puielv cattilagmous 
the\ cannot be seen The injection of oxygen gas into the joint 
folloived by tlie taking of films may dear up the diagnosis 

Osteochondromatosis —Rarely as a result of a lou grade tumor 
formation from the synovial membrane multiple small cartilaginous 
and bony masses develop within the joint capsule and become free 
loose bodies, giving a characteristic roentgen picture 144 ) 


TEMX)\S AND BVRSA: 
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TENDONS AND BDRS« 

Effusion or hemorrhage in or about these tissues is shov. n bj an 
area of shghtlj increased density with indefinite margins SjTio- 
\itis of a tendon sheath maj occasionalU be suspected from thick- 
ening of the shadow and blurnng of its ordinarih sharp outlines 
A particular form of this condition known as de Quer\ am’s disease 
affects the tendon of the extensor longus polhcis where it lies against 
the styloid proce'ts of the radius The underhing bone ma> show 
a slight penosteal reaction 

Calcification is frequently encountered at tendinous attachments 
particularly those of the triceps on the olecranon, the quadriceps and 
patellar tendons on the patella and the Achilles and plantar tendons 
on the os calcis 



FiO 145 — Location of the Ureer buns about the shoulder-joint which may be 
calcified A Subdeltoid B subacromioal C coraco-brachial 

Areas of increased density seen in the region of the subdeltoid 
bursa may be true calcifications in the bursa accumulations of an 
opaque gelatinous substance m the bursa, or, what is more common 
calcifi/Mivau. aJiaut the tendnu. ot the aujpca.'^ioalJiA cmsclft. beneath, 
it Calcification ma\ occur in any bursa w hich has been the seat 
of trauma or infection causing a mottled, granular, dense shadow 
which may be distinguished from true bone by the fact that trabecu 
lation is absent Large crescentic deposits in the subacromial 
bursa must be differentiated from the os acromiale— a persistence 
into adult life of the ossification caiter for the tip of the acromion 
Vertical projections of the jomt will be helpful in distinguishing 
betw een them 
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Rupture of tlie supn,spinatu3 tendon occure ab a result of trauma 
or muscle strain especiallj m patients betvieen the fifth and sixth 
decade The roentgen examination should include films of the 
normal as well as of the injured shoulder and should be taken to 
show the greater tuberositj in profile Imraediatelj following the 



Fio 140 — Myos ba ossificans Note tbe dvnse calc fication in the soft bssues 
about the knee nubng the femur and t bia 


injury the films are negatn e or show only thickening m the soft 
tissues later a rounding of the tip of the greater tuberositj with a 
w idenmg of the sulcus often becomes visible, sometimes a cupping of 
the mesial border of the greater tuberositj w ith slight bone atrophy 
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IS seen In long standing cases there is flattening of the tip of the 
tuberosiU and of the fossa with a marked increase in bone densit% 
Myosibs Ossificans— \ rare t\pe of ossification in iihich new 
bone is la\ed down in muscle or m the region of muscles occurs 
in at least three forms One is a slowlj progressise general 
ized disease of unknown etiologa usualh beginning soon after 
birth and e\ entualh in\ ol\ ing all of the skeletal muscles Another 
form known is m\ Ositis ossification circumscriptus is a localized ossi 
fication resulting from repeated trauma and is usualh an occupa 
tional di<!ease e g ossification of the adductor longus ( rider s 
bone ) The most common form ind b\ far the most important is 
a localized oasificition following a single trauma it occurs most often 
in the deep muscles of the interior thigh and is frequentlj seen in 
football pli\ ers Its importance lies in the fact that its appearance 
closeh resembles that of bone sarcoma 

In m\ ositis Ossificans the calcification usualh appears from three 
to fixe xxeeks after the mjurx and max slowh increase m size and 
densitj or max disappear completeix On the roentgenognm its 
shidoxx IS seen hing close to and sometimes in contact xxitb the 
bone and 13 composed of minx narrowdense bands running parallel 
or nearh parallel to the shaft In manj ca«es the ossification if not 
absorbed ultimiteh fuses xrith the ^ift of the underlxing bone 
There is no erosion of the cortex and new bone is nex er seen arising 
from the shaft in rax like formition 
These findings together w ith the historx are usualh sufficient 
to distinguish the lesions from bone tumors 
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CHAPTER VIII 


THE CHEST 

The shadow of the chest mij be divided mto (1) the thoracic 
w all (2) the superimposed sternum heart great \ essels mediasti 
num and spine (3) the diaphragm and (4) the lung fields 
Pathological processes in the thoracic wall maj consist of injuries 
to the ribs tumors or infections Aw aw erosion of the intercostal 
grooves on the ribs occurs in coarctation of the aorta The nbs 
mav be thickeneil when thev overlie a chronic empvema without a 
true osteomv chtis being present There ina> be an emphj sema of 
the soft tissues which as a rule is associated with fracture of the 
ribs or surgical interference In thia case the film is most striking 
showing the presence of dark areas representing air scattered through 
the muscles and subcutaneous tissue 
The central shadow includes (1) the great vessels the heart and 
pericardium (2) the thymus gland when present (3) the thvroid 
if intrathoracic and (4) tumors arising from the mediastinum 
The normal thyroid and tlivinus arc not visible m a film of the 
chest V substernal th\Toid or an enlarged thvmus appears as a dila 
tation of the upper end of the central shadow An enlarged thjmus 
produces a shadow w hich is roughl> quadrangular It has rounded 
lower corners and sharp margins which extend downward from 
above the clavicles and overlap the shadow of the heart and great 
vessels It is less dense than other tumors Compression or dis 
placement of the trachea or esophagus mav be seen in the an 
teroposterior or lateral vaews Not everv shadow in the superior 
mediastinum of an infant represents an enlarged thvTnus One must 
be particularlj careful in making this diagnosis from films taken in 
expiration when the diaphragm is high the heart shadow rather 
large and the superior vena cava distended "Minor degrees of 
enlargement of the thj mus cannot be demonstrated and they are 
of no clinical importance 

Thethjroid when intrathoracic produces a dense round sharply 
defined shadow which extends downward and overlaps the shadow 
of the great vessels It maj be differentiated from thjmus and 
other mediastinal tumors bj the fact that it mov es w ith deglutition 
Enlargement of the medtasUnal shadow maj be due to enlarged 
mediastinal ghnds tumor aneurvsm vertebra! al scess or dilata 
tion of the esophagus 


( 191 ) 
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Enlargement of the glands is generallj due to tuberculosis Hodg- 
kin s disease or metastasis from malignant tumors elsewhere in 
the body Tlieir outline is sharp and irregular, or lobulated and 
the process as a rule is bilateral They ilo not pulsate, although 
large masses may transmit the impulse of the heart or aorta They 
are to be differentiated from aneurvsms and primary tumors of 
the mediastinum By means of a careful fluoroscopic examination 
it IS sometimes possible to separate their shadow from that of the 


aorta, or to demonstrate a normal aorta The presence or absence 
of pulsation as observed m the fluoroscopic examination is of little 
diagnostic v alue, as some aneurysms do not pulsate and mediastinal 
tumors may appear to do so Aneurysms are more common in the 
ascending aorta to the right the mid shadoa They rarelv 
extend upward beneath the clavicle, and are usually single lesions 
Masses due to enlarged glands are more likely to appear near the 
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lung roots As a rule, they are bUateral and often extend upward 
beneath the sternum 

The enlarged glands of tuberculous origin generally appear during 
earlj childhood The\ rarely form large masses during adult life 
WTien the peritracheal glands are in\ oh ed, the picture may resemble 
that of HodgJvin’s disease Tubercidous glands are smaller and 
more dense and are usually partially calcified except m the early 
stages of their development 



Fit? 14S — l/jmphoma of fbe hilar gXait^s 


Displacementand Hemiatfon —TTw normal mediastinum is freely 
mo\ able and may be considerably displaced from its central pos - 
tion by unilateral changes in infnthoraeic pressure When the pres- 
sure on the diseased side is dimmished, the displacement is tou ard 
the lesion, nhen it is increased tJie displacement is ana} from the 
lesion Ihese ma^rementa of the mednstiiium are best seen during 
the fluoroscopic obsen ation, when extensiv e destruction of the Jung 
IS present the mediastinum, with forwl breathing moves to the 
affected side during inspiration and returns to normal at tJie end of 
13 
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expiration IMien the affected lung is o^ erdlstended from partial 
occlusion of a bronchus or ti hen the pleural space is filled w ith fluid 
or tumor mas'^es, the mo\ ementis a«aj from the affected side during 
expiration and return toward normal at inspiration 
Herniation of the mediastinum maj occur whene%er there is a 
material difference in the pressure between the two sides of the 
thorax; it is most often seen following therapeutic pneumothorax as 
a result of o\erdistention, hut ma\ occur following atelectasis of 
long standing The herniation is itsuall> m the upper anterior 



Fic 149 — Substcrosl thyroid The oullioe of the trachea haa been dotted in. 

mediastinum and is seen as a bright area w ith a sharp!) defined 
comexed outer border !>ing close to the sternum in the upper 
anterior part of the chest Herniation nf the posterior mediastinum 
does occur but is a rare finding. 

Benign Tnmors.— The most common benign tumor of the superior 
mediastinum is a substernal extension of an adenoma of the thjToid 
gland Unless It is ^ erj' large it rises to sonie extent with swallow ing 
Its position, rounded outline, and the fact that it compresses and 
displaces the trachea sliould identify it (Fig 149) 

Other Ijenign tumors are Iipomata, teratomata and c\sts Thej 
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are usually round. Tliey displace rather than in^'ade adjacent 
Cleans and they may show a definite capsule. Repeated eYamina- 
tions will demonstrate that thej are stationarj in size or of ^ ery 
slow growth. 

Mention should also be made of neurofibroma, an hour-glass 
tumor arising in the meninges of the spinal cord, which grows out 
along the ner\e roots, separating the ribs or eroding the surrounding 



Fig 150 —Dermoid cyst of the upper mediastinum Note the sharply deSoed 
borders and the sbee&ce of lobulation 


bone, ending in a rounded mass within the chest On the antero- 
posterior films these masses maj appear to arise from the medi- 
astinum; in lateral views thej are almost alwa.ts seen posteriorit, 
almost never anteriorly. 

A dilated esophagus, a laige di\erticulum or a hiatus hernia of 
the stomach may overlap the right lung field and be difficult to 
identify without the barium meal 

Malignant Tumors.— Malignant tumors of the nietliabtiinim pro- 
duce fusiform or lobular mas%s, whicii cau'ie an expanrion of the 
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central shadow ind maj largely obscure the outlines of the great 
vessels and the base of the heart A common tumor is lymphoma 
which maj be pnmarv in this region or part of a generahzeil disease 
It IS more often seen in \oung adults but maj appear at anj age 
It is accompanied generallj b> the enlargement of glands elsewhere 
m the body The shadows of the peritracheal glands appear as 
lobulated masses on both sides of the mid shadow above the outline 
of the heart These shadows extend upward beneath the clavicles 



Fla 151 — Mai f^ant lymphoma The maaa apparently ariacB from the b lar 
elands it la lobulated with aharply defined borders It d aappeared completely under 
irrad at on treatment 

Occasionallv there is infiltration of the surrounding lung which 
appears on the film or screen os narrow dense radiating lines or 
there ma> be a general enlargement of the Ivmphoid structures 
throughout the entire chest 

The enlarged glands due to Ijmphoma disappear rapidly under 
roentgen radiation therefore a fa\oril)le therapeutic result mav 
be a guide to correct diagnosis 

Carcinoma is usually a metastatic lesion in the mediastinum 
Masses due to it arc not as large as those seen in lymphoma A 
characteristic feature is their tendenm to invade the surrounding 
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structures earh m their course Their imr^ins tend to be bazj 
and indefinite and if the bronchi are in\oIved atelectasis maj com 
plicate the picture b\ producing a large area of increased densitj 
bej ond the actual tumor 

Fibrosarcoma is a rare tumor of ‘^low groiv th usualh located in 
the posterior mediastinum It cannot be differentiated from a 
benign lesion 

THE HEART AND GREAT VESSELS 

In the examination of the heart the following data should be 
obtained (1) the size (2) the shape (3) the mo\ements with respi 
ration (4) the pulsations of the \anous chambers (o) the change 
of shape which ma\ occur with a change m the position of the 
patient and (6) the presence or absence of abnormal areas of calci 
fication Tlie size and shape of the aorta m both its antero posterior 
and its lateral diameters should al»o be noted 

This data maj be obtained b> means of orthodiagraphj or by a 
combination of teleoroentgenographj and fluoroscopy 

The advantage of orthodiagraphv in the liands of an expert lies 
m its accuracy in recording the size and shape of the heart and the 
outline of the apex The dlsad^antages are the time required to 
perfect a technic and the risk of error which is proportionate to 
the skill of the eximmer 

Teleoroentgenography has the adiantage of elimmatmg the per 
sonal equation and of producing a permanent record The dis- 
ad^antage lies in the difficulty in demonstrating the outlme of the 
apex and the junction of the left auricle and xentncle These 
findings are essential as all the measurements of the heart cannot 
be obtained without them 

By means of fluoroscopy it is possible to obtain a fairly accurate 
outline of the heart shadow its relatixe position and its movements 
with respiration also any change of shape which mav occur with 
a change m the position of the patient B\ combining this data 
with the data obtamed from a film taken at a 6-foot target film 
distance all the findmgs required are available 

This method of fluoroscopv and teleroentgenographv combined 
has been m use at the Massachusetts General Hospital for many 

V ears and has prov ed quite satisfactory The fluoroscopic obser 

V ation IS made first The patient is placed m the upright position 
behind a fixed screen for a careful survey of the lung fields the 
great v essels and the v anous diambers of tl e heart including the 
character of their pulsation 
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After these findings have been recorded, the patient js rotated 
to the left so that his right chest is in contact with the screen, and 
a study is made of the postenor mediastinal space and the arch of 
the aorta By changing the position of the patient slightly, the 
size of the shadow of the aorta will be seen to grow larger or smaller 
The smallest possible shadow that can be obtained represents the 
true diameter of the aorta plus the amount of magnification due 
to its distance from the screen 



Flo 1 13 — T(&cing shon mg the nonnal respiratory excurs on of tlie heart and 
diaphragm dur ng quiet and foreed respiration w th the patient standing 


The patient is tlien rotated in tlie opposite direction, with his 
left shoulder against the screen for an obsert ation of the aorta, 
anterior wall of the right \entncle and the posterior wall of the 
left aentncle 

With a \erj small area of illumination search should be made for 
calcification m the heart \alves or coronary arteries Finally the 
esophagus may be outlined bj a swallow of barium mixture to 
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demonstrate the posterior border of the heart and the relation of 
the arch of the aorta to tl e esophag:us Tins proce»lnre helps to 
determine the size of the aort i the pulmonar\ arter\ and the left 
auricle 

It IS most important to determine the relation of the arch of the 
aorta to the esophagus the true <«ize of the aorta and the size of 
the pulmonara arter\ and left auricle 



Flo 153 — Aort c regurg tat on Note the charactenst c e Jarpement of the left 

After the fluoroscopic obsen ationa are completed films are made 
m the postero-antenor and oblique positions at a O-foot target film 
distance 

Special care must be taken to place the patient so that the central 
rajs from the tube pass through the chest at right angles to its 
transaerse diameter At this distance a small amount of dis- 
placement of the tube either to the right or to the left of the methan 
line does not appreciably distort tlie heart shadow but a slight 
rotation of the patient does produce a defin te distortion 

If the patient is stout it is better to haa e the film m contact with 
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the chest wall and the patient standing erect If the film is placed 
at right angles to the central rajs its upper portion may be some 
distance from the chest wall and as absolutely parallel rays are 
not emplojed a slight amount of magnification of the aorta will 
result On the other hand if the patient is allowed to lean for 
ward in order to bring the chest entirely in contact with the film 
there will be a certain amount of apparent sagging of the contents 
of the chest 



F o 154 —Same case ai a F e 153 taken at 2 nstead of 6 feet Isote tbe diatorUoa 
of the enlarged left >entr cle 

The patient should be instructed to remain quiet It is not 
necessary for him to hold his breath nor is it desirable to have him 
take a deep breath The amount of movement of the heart shadow 
during normal respiration ts slight but deep inspiration causes 
definite changes m both the shape and the size 
The exposure time will varj accordmg to the tj^pe of apparatus 
but should not be more than one twentieth of a second For prac- 
tical purposes it probablj makes little difference what phase of the 
heart cycle is recorded For accurate comparison or measurements 
films should be obtained in the same cardiac and respiratory cycles 
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After the films are developed and dried the measurements of the 
heart are taken from them according to the plan adopted by Groedel 
This plan includes six points three points each on the right and 
left sides of the heart shadow On the right side the highest point 
is at the junction of the heart sliadow with that of the great vessels 
the second pomt is at the point of the heart shadow farthest to the 
right, and the lowest pomt is at the junction of the 1 eart shadow 
with that of the diaphragm On the left side the highest point 
13 at the junction of the shadow of the left auricle with that of the 
left ventricle the second point at the pomt of the heart shadow- 
farthest to the left, and the lowest point is at the heart apex A 
Ime IS drawn along the center of the spinal column and used as a 
median Ime 

The transv erse diameter of tlie supra-cardiac shadow is measured 
at the widest pomt abov e the pulmonary arterv 
The greatest distance both to the right and to the left of the 
median line is obtained The sum of the«e measurements represents 
the transverse diameter of the heart shadow \ line drawm from 
the highest point on the right to the heart apex represents the total 
length of the heart and lines drawn at right angles to it— one from 
the highest point on the left the other from the lowest point on the 
right— represent the diameter of the base 
The left oblique position is of great value m a stud> of the arch 
of the aorta and in estimating the size of the right ventricle A 
line IS drawn across the base of the heart shadow from the notch 
between the right ventricles and the aorta to the notch between the 
left auricle and left ventricle this is the base Ime The pomt 
midwaj betvreen the- o\ erfapping portions of the aorta and pul 
monarj arterj is located and a line is draw n from it perpendicular 
to the base line to the lower border of the heart shadow This 
line passes along the interventricular 'upturn Lines perpendicular 
to it are then drawn to the left and right borders from these the 
width of the left and right ventricles is obtained Since this posi 
twin. as*. w/jlAstev/itsd virw. at the. ascendm^ ami transv erse 
portions of the aorta it is possible to measure with a considerable 
degree of aecuracv the diameters of the aorta at the various levels 
(Fig 156) 

An ingenious method of obtammg a plastic representation of the 
heart was suggested bj Palmien bv means of which successive 
heart profiles obtained during rotation of the patient about a v ertical 
axis could be reproduced on wax models 

Measurements of the heart and the internal diameter of the 
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chest combined w ith the fluoroscopic observations constitute the 
data from n hicli conclusions are drawn In order to interpret these 
findings correctly it is essential that the roentgenologist have a 
thorough knowledge of the anatomy of the heart and great vessels, 
and of the normal roentgenographic shadow 

Normal Heart — Isormallj the central shadow approximates the 
outline in Fig 155 At the top on the left side the arch of the aorta 
appears with the descending aorta extending downward from it 
Below the arch is the slight prominence of the pulmonary arterv 



Fic 153 — TeleoroentgenoETam of the norroal heart and great vessels showing the 
posit ons from «b ch measurements are taken 

followed b> the left auricle or auricular appendage in the angle 
between the pulraonar\ arterv and the ventricle The rounded mass 
of the left V entncle compri'^s the largest part of the shadow The 
location of the a.pex is a matter of considerable uncertainty, as it 
varies with the size shape and position of the heart and the posi 
tion of the diaphragm It is hidden frequentlj behind the shadow 
of the diaphragm The right border begins at the top with the 
poorlj defined shadow of the superior vena cava above and over 
lapping the ascending aorta which is usually well defined as it 
curves outward and downward to meet the rounded right auncle 
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The htter joins the right diapliragtn 'it an acute angle, at the 
apex of which the inferior \ena c%\i is soiiietimts seen The right 
ventricle is not \ isible m the anteroposterior \ lew , as its shadow 
IS superimpo'^ed upon that of the left \entricie and aundes 
Theshadow of the henrt is subject (1) to all the laws that govern 
the size and shape of the shadow of inv other object, (2) to the 
variations due to elnnges in the position of the he'trt within the 



Fta 156 — The second or left oblnrue (eugeested bj VVazren) gboiriag the 
seceading and tranavene aorta with the points from which the toeasuremeDts are 
taken The outlines of the aorta and pulmonary artery have been touched 


thor'icic ca\it% , and (3) to those conditions which actually change 
the size and shape of both the normal and the pathological heart 
For this reason a comparison of the measurements of the shadow 
of an\ gi\ en heart w itli those made from the organ itself is often 
misleading and of no value Comparison should be made onlj with 
the shadows of normal hearts obtained under simifar conditions and 
the actual size of the heart should not be stated It should be 
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borne m mind that the me^uremente obtained do not represent 
the actinl size of the heart— onlj that of the shadow produced 

The following are some of the non pathological conditions \\ hich 
may change the size or shape of the heart silliouette 

1 The age of the patient is an important factor In youth the 
heart tends to hang vertically in the thorax In old age the long 
axis moves toward the horizontal Consequently, m youth the 
shadow IS more nearly round, and in old age it becomes elliptical 

2 When the diaphragm is high the apex is raised, and, to some 
extent, the entire heart Tlie shadow is increased prmcipallj in 
its transverse diameter 



Fio 167 — Traeiag (1 owing tb« shape o( the nortnal heart and great vessels and the 
points ftoia whieh measuremeots are ohtauied {Croedet > 

3 The height, weight and sex of tlie patient, and the size and 
shape of the thorax also influence the size and shape of the heart 

4 Rest in bed for a few weeks maj reduce the transverse diameter 
5 to 10 mm 

Violent exerase may cause a transient decrease in all the diameters 
of the heart 

Heart MeasuTements- — ^The following table w orked out by Claytor 
jj.ud-VJi“JXiU,gJves^Jtairl,v^ODd juide as to the mfiasurements of the 
normal heart 

The Appearance of the Heart Shadow la Disease —It is only occa- 
sionally that the roentgen findings are sufficientlj characteristic to 
warrant a definite diagnosis of heart disease without some knowledge 
of both the clinical and the physical data When all of the evidence 
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is correlated the roentgen findings frequently help to either establish 
or confirm the diagnosis 


hlales (37 cases). 


Weight, 

pouads Cases Hr 

3 0 

120-129 3 37 

4 3 

3 S 

130-139 5 38 

4 2 

3 4 

110-149 9 4 0 

4 6 

3 2 

150-159 8 39 

4 5 

3 7 

160-179 6 40 

4 8 

180 200 6 38 

4 2 
4 5 

Females (51 cases). 

n eight. 

pouadi Cm«« Mr 

100-109 2 32 

3 3 
3 5 

110-119 3 30 

3 1 
3 2 

120-129 14 23 

3 5 

4 2 

130-139 19 30 

3 4 

4 0 

140-149 5 26 

3 5 

4 1 

150-159 7 3 1 

3 6 

4 8 

160-175 4 35 

3 8 

3 8 

4 1 


311 T.O L T>. 

70 10 7 11 8 

72 10 9 12 6 

7 5 113 13 5 

7 5 11 0 12 0 

8 0 11 8 13 2 

85 12 5 14 0 

70 11 0 12 0 

7 7 11 9 13 4 

8 4 13 1 14 5 

7 8 II S 12 5 

84 12 3 13 5 

9 0 13 0 15 0 

8 0 12 0 14 0 

8 2 12 4 14 6 

90 13 6 15 8 

70 11 0 14 0 

87 12 9 14 7 

97 13 4 15 3 


Ml T D L. D 

€ 7 9 9 12 0 

68 10 2 12 1 

70 10 5 12 3 

7 0 10 0 11 5 

76 10 7 11 9 

80 II 1 12 4 

6 4 10 2 10 5 

7 $ II 0 12 2 

86 12 2 13 8 

6 4 9 6 II 2 

78 11 2 12 4 

88 12 6 13 3 

7 0 10 0 12 2 

76 11 I 12 7 

83 II 8 13 2 

76 10 9 12 3 

80 11 6 12 9 

9 3 12 8 14 2 

6 5 10 6 II 8 

79 11 7 12 6 

8 5 12 3 13 0 

90 12 8 13 2 


Miiamum 

Average 

Kfaxunum 

Mirumum 

Average 

Maximum 

MiMmiim 

Average 

Maximum 

Minimum 

Average 

Maximum 

Minimum 

Average 

Maximum 

Minimum 

Aierage 

Maximum 


Minusum 

Average 

Maximum 

Minimum 

Average 

Maximum 

Minimum 

A^ erage 

Mazimum 

Mimmum 

A\ erage 

Maximum 

Mimmum 

Average 

Maximum 

Mimmum 

Aierage 

Maximum 

5Iimmuia 

Average 

Maximum 


There is no other method of examination whereby such accurate 
data can be obtained regarding the she and shape of the heart and 
great vessels, and the changes which take place with respiration 
and change of position Valuable information maj’ also be obtained 
regarding the effect of treatment on the size and shape of the heart, 
and the progress of disea««. 
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IS a^\ aj from the side in% oh ed The shadoT\ of the heart m'i\ appear 
to be in an abnormal position whene\er there is marked defonmtj 
of the thoracic wall In pneumonia and other forms of consolida- 
tion, the position of the heart is usually normal 
Changes xn Shape — The shape of the heart ^ aries with the tone 
of its musculature A well rounded apex and an increased cur\a 
ture on the left border are due to hypertrophi and an increased 
tone In mj ocardial w eakness the outline becomes more triangular, 
the borders, particularh the left, arc straight rather than rounded, 
and the separate chambers are less distinct Enlargement of the 
heart, whether local or general, is accompanied b\ changes in shape, 
some of which are quite characteristic, such as the tnangular heart 
of mitral disease, or the L-sbaped heart of aortic regurgitation 
Changes m Outline —The outline of the normal heart is distmct, 
and ita chambers are sharph defined In the Miiertrophied and 
^ igorous heart, this distinctness is increasetl ith loss of muscular 
tone, and in disease of either the pericardium or the mediastinum, 
Its distinctness is ditninisheil As the \ isibihu of the heart depends 
upon its density being greater than that of the air filled lung sur- 
rounding It, anj process m the lung winch increases its densit\ 
tends to obscure the outline of the heart 
Pulsation —The fluoroscopic obser\ ition furnishes direct e\ idence 
in regard to the character of the heart muscle ^ igorous pulsation 
usually signifies good muacle tone while weak shallow pulsation 
indicates loss of tone It is possible to distinguish the pulsation 
of the auricles from that of the \entncle« and to obtain a fair idea 
of the strength and amplitude of the beat In slow stronglj pulsat 
mg hearts these obser\ ations can be made easih \\ ith tach% cardia 
thei are difficult It is possible generally to detect an irregularity 
of the beat, and a comparison of the pulsation of the \ entncles w itb 
that of the auricles, or with the pulse at the wnst can be made In 
this way heart block may be dngno'wl and irregularities of the 
aentricular beat which do not reach the wrist ma\ be disco\ered 
let aacTcaiar SberHstom serd extcG^ deiststcoee of the suetdet, 

\ isible pulsation over the auricles is absent ith adhesiv e pen 
carditis, or fluid m the pericardium the beat becomes diffuse and 
it IS impossible to distinguish that of the auricles from that of the 
% entncles 

The mo\eiDents of organs whith are Msible on the fluoroscopic 
screen ma^ be reconUnl on the film ba the use of the k\ mognph 
rhis method permits a more detailcel stiide of these ino\ ements and 
may re^eal slight changes which were oeerlooked on the screen 
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such as the absence of movement m localizetl areas sometimes seen 
follo\\ing coronar> occlusion The hymographic recortl is obtained 
by placing a lead screen containing a number of transverse slits 
between the film and the patient and by moving tlie 61ra across the 
slits a definite distance during the exposure, the movement of the 
part under obser%ation will then appear on the film as a series of 
naves of varying height 

Calcification Within the Heart — Old infarcts may become calcified, 
producing a shadow which closelj resembles a calcified pericardium 
In some cases calcification in the heart valves has been obsersed 
fluoroscopicallj as dancing shadows, and calcified coronarj arteries 
have been demonstrateil on films made at verj high speed using a 
grid diaphragm 

Visuabcation of the Chambers of the Heart the pulmonary circula- 
tion an*l the great vessels ma} licobtainecj bj observing the passage 
through these organs of a ndioopaque substance which has been 
injected into the hlooil stream Tlie movement of the opaque sub- 
stance IS too rapid for satisfactorj fluoroscopic study, and the best 
results lia\e been obtainwl bj taking timed serial films or bj mot- 
mg picture photographj of tlit fliioroscopn. image This method of 
examination apparentU can lie done without mjurj to the patient 
ami IS of considerable \ahic in obscure cases The technical 
procedure, howeser, is difficult and costly 

DiSereotial Diagnosis — \Vhile in the great majority of cases it is 
not possible to arrne at a differential diagnosis from a study of the 
roentgen findings alone, some pathological conditions present evi- 
dence which IS fairly characteristic and which may be of con 
siderable importance in the final summing up of the case 

For this reason it seems advisable to present briefly the roentgen 
findings in some of the cardiac lesions winch are of common occur- 
rence, or in which the roentgen findings maj be of the most value 

Congenital Heart Disease —The roentgen examination may be the 
onl} means of establishing a diagnosis in developmental anomalies 
of the heart Since these lesions are frequently multiple, the 
exact anatomic localization of the lesion is not alwajs possible 

Wvtb .0 .4UieAit'>uyARTOisiu> AfxpjJAiita.i.sjima.U- wjjth a .marked 

prominence of the pulmonarj artery below it The heart shadow 
IS enlarged across its base, giving it the so-called “mitral ’ shape 
The curve of the left auricle can be distinguished from that of the 
pulmonary arterj both bj its position and bj its pulsation time 
The shallow of the pulmonary artery may present a somewhat sim- 
ilar appearance m aortic stenosis, but the changes in the heart 




Fia 159 — Il3rpwt«nsioti Hypertrophy ot the left ventricle shown by the 
rounded apes Failing myocardium indicated by the tnangular oulUne and beein 
nrag congestion in the lungs 


tMth a general rounding of Ibe outline maj be present \\ith a 
defect m the aimadar septum llie aortic shadow is small or absent 
and the pulmonarj conus and artenes are enlarged Groedel has 
noted "peculiar \entricuJar jno\etnents" of the right border of the 
■heart when the defect is in the interventricular septum 

Transposition of Heart and Vessels —In thib condition the roentgen 
appearance depends upon the degree of transposition present This 
14 
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\ anes from the shifting of the position of a single \ essel to a com- 
plete reversal of all the tboraac organs Complete situs mtmus is 
easiiv overlooked on routine films unless careful attention is paid 
to identify mg marks On the fluoroscopic screen the condition is 
obvious WTien the transposition is limited to the aorta the roent- 



Fic ICO —Congenital heart disease (patent ductus arteriosua} Note the prominence 
pS the cune t>l the pvlmcmen artery ae indicafed hj the arrow 


genevammafton mav he of considerableimportanceas these patients 
often complain of difTiciiltv in swallowing and a lesion m the esoph- 
agus mav have been suspected Ihe usual aortic knob is absent 
hut mav be seen on the nght •^ide The usual bulge of the ascending* 
aorta is also absent and when a swallow of barium is given it will 
be ^een to pass to the left instead of to the right of the aorta 




THE HEART AND GREAT VESSELS 


211 


BheoiDatic Heart Disease and Lesions of Infections Ongin — If the 
disease is at all adianced the shadoii of the heart iviU be increased 
in some of its diameters, and its sliape mil %arj from that of the 
normal As this condition genemU\ !n\ol\e3 one or more of the 
heart Aahes, most often the mitnl, the charictenstic findings are 
a general enlargement of the heart shadoxi with marhed promi- 
nence of the chamber corresponding to the diseased %al%e 
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and the shipe is more trimgular If regurgitation is the predom 
mating s\raptom the enlargement to the right is more marked 
In either case the slndon of the aorta becomes relatively ummpor 
tant and m marl cd cases almost disappears The right oblique 
vieu IS especial]\ \aluable in demonstrating the left auricle 



I-Hj 16'> — Myocard al Is lure Not* ihe traosular thajo of Ihe heart and the 
rongi^tjon in the tunes 


\^lth in\o!\enient of the aortic \aKe the picture maj resemble 
ver> do'seI> that of sjphjhiic heart disease IIot\e\er the absence 
of changes in tlie shadow of the aorta is a \ahiable diagnostic point 
m favor of a non syphilitic origin 
In ad\anced cases with broken compensation the shadow of the 
heart is enlarged to a marked degree in all diameters but the 
shadow of the auricles still predominates and there is mottled 
densitj extending outward from the lung roots due to Congestion 
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A characteristic fibroMs ina\ de\elop about the lunp roots following 
long-continued passu e congestion 

Syphilitic Heart Disease — When sj^phihs attacks the heart, the 
lesion IS usually found near the aortic vahe It ma> affect the 
root of the aorta, the mouths of the coronan arteries and the 
aortic cusps, and sometimes all three are in\ol\ed The findings 
varj somewhat according to the area imoKefl and the extent of 
the lesion 



Fio 103 — Diseased aortic%aJ»e Hvpertropby ot tlie lett 'eotncle arter oscleros s 


Prominence of the aortic shadow to the right with actual increase 
in its diameter at the root is a most constant finding ^ ith 
involvement of the coronaries there is a slight increase in the size 
of the heart The outline of the chambers becomes less distinct 
and V isible pulsation is dtmimshed kMien tlie aortic v ah es become 
incompetent as a result of the disease there is an increase in the 
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size of the shadow of the left ventricle The outline of tlie left 
border becomes more convex, and the apex appears blunted 

In typical cases the supracardiac dulness is increased, the increase 
being most marked to the right The heart hes more horizontal 
in the chest, and its shadow is increased to the left, giving it the 
so called ' sabot” shape As the disease progresses and the cham- 
bers become dilated, the findings are not so characteristic 
The roentgen evidence of syphilitic heart disease differs from 
both that of artenosclerotic heart disease and that of hypertensive 
heart disease largely in the appearance of the aorta and the position 
of the heart 

Artenosclerotic Heart Disease —In arteriosclerotic heart disease 
the heart shado\; may show no variation from the normal either 
m size or in shape There is usually an increase to the left, and 
a prominence of the curve of the left ventricle 
When the coronary arteries are involved the outline of the 
various chambers may be indistinct, and the beat flabby or irregular 
Calcification m the coronarj arteries has been demonstrated bj 
extremelj fast exposures, using a Lysholm grid Their shadows 
must be differentiated from calcification in the heart valves, costal 
cartilages or hilar glands 

The most constant finding is elongation of the aorta Its shadow 
IS increased to the left m the region of the arch The knob becomes 
extremely prominent There is also some apparent increase to 
the right although the actual diameter is not increased Occasion- 
ally, dense, calcified plaques can be made out When these cases 
are complicated bj high blooil-pressurc, or broken compensation 
the findings are most diffiaiU to interpret 
Cardiac Aneurysm —Most of the aneurysms of the left ventricle 
occur above the apex or on the posterior wall Unless they are seen 
exactly m profile they may not be recognized When very large 
they usually extend beyond the nght border of the heart in the 
anteroposterior view Aneurysms of the left auricle almost always 
project beyond the right border of the heart Old infarcts in the 
heart muscle, if they become calcified, may be mistaken for calci 
fication m the pericardium 

Hypertensive Heart Disease —The enlargement of the heart 
shadow IS almost wholly in the region of the left ventricle The 
increase is downward and to the left, as in aortic regurgitation, but 
the downward increase is more marked and the apex is not so 
blunt The pulse-beat becomes prominent, and there is generally 
a diffuse enlargement of the shadow of the great vessels 
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Auncular Pibnllation —In auricular fibrillation, there is an extreme 
enlargement of the shadow, of the auricles with absence of visible 
pulsation in them In certain cases the heart shadon appears to 
rock 

Heart block —In this condition, if the pulsation is not too rapid, 
it IS possible to compare the auricular and xentricular beats, and 
to determine their respective rates 
Myxedema Heart —In mj'xedema the heart is enlarged m all 
diameters and roughlj trnngular in outline After appropriate 
treatment n ith thj roid substance the outline is reduced m size 
Benben —A disease due to Mtamm Bj deficiency, often seen m 
chrome alcoholism, may affect the heart and in well developed cases 
presents a rather characteristic appearance on roentgen examination 
The heart shadow is considerably enlai^ed and somewhat lobular in 
shape due to dilatation of the right side of the heart The shadow 
of the pulmonarv arterv is prominent and Us pulsations may be 
increas^, the mid lung fields are less radiant than normal but 
congestive failure does not develop as a rule and the roentgen 
findmgs may be the first positive evidence of serious heart trouble 
Aycna’s Disease — \yer2a’s disease is a condition m which a 
gradually increasing cyanosis develops as i result of changes in the 
pulmonary vessels Films show a prominence of the pulmomrv 
artery and masses of dilated btoodvesseU about both lung roots 
which mav show activ e pulsation The right heart is enlarged and 
the transverse diameter is increased 
Pericardial Effusion —^\ith fluid in the pericardium, the heart 
shadow tends to become triangular m shape, the apex of the triangle 
being in the region of the great vessels 
^Yhen the patient is in the prone position there is an increase in 
the width of the triangle at the apex With the patient in the 
upright position there is an increase at the base, and the shadow 
often assumes a water bottle shape 
The cardio hepatic angle rarely is obliterated although it mav 
seem to be so upon percussion The feft border of the heart shadow 
loses its normal curve appearing as a straight line, and the pomt 
of contact of the auricle and ventricle cannot be made out 
Pulsation 13 either considerably diminished or entirely absent 
The (diaracter of the pulsation also is changed The beat of the 
V entricles is indistinguishable from that of the auricles, the impulse 
being more or less general over the entire left border 

In obtaining the outline of the heart in different positions for 
comparison, it is not wise to depend wholly upon screen observe* 




The (lifTerential diagnosis is usually between fluid m the peri- 
cardium and a dilated heart, and it is based largely upon the pres 
ence or absence of change in the shape of the heart shadow with 
change in position of the patient Encapsulated fluid may be 
mistaken for an enlargement of one of the heart chambers 
ildhesire Percarditis —It is not possible to difl'erentiate the sliadow 
of the heart from that of the pericardium, except m those rare cases 
in which the pencardium contains air as well as fluid Tliere is 
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likelj to be some haziness in outline of the heart slia(lo^\, and an 
apparent obliteration of the angles between it and the diaphragm 
The shadow of the auricles cannot be distinguished from that of 
the \entricles, and the mo\einent of the heart with respiration and 
cliange of position is limitetl There is usually a general increase 
in size, and pulsation maj be diminished or irregular 



Fio 1&> — The same case as Fig Id l>ut taken with tl e patient prone Note 
the change in the shape of the heart shadow due to the shifting of the fluid Viithio 
the pencardium 


CalciScatiOii o/ rfre perrcarefrcnn tKVtffs as" a she}! !ck€ deposit «?/ 
increased densitt about the apex ontmaj surround a considerable 
portion of the heart, pulsation is usualK absent o\er the imohed 
areas and the heart ina% be enlarged The process m the pericardium 
IS usuallt the residue of an old mfectton and is often accompanied 
bj other evidence of mediastinitis 

Tumors in the Fencardium — Tumors when thev occur in the pen 
cardiumprodiicelocalizedirregular sbarph defined, bulging shadows 
continuous w ith a border of the heart shadow , when thev are mahg- 
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nant, either primarj or secondarj, fluid m the pericardium or 
pleural space appears earlj in the disease, obscuring the picture 
The diagnosis is altiajs diflicuit and is rarely made during life, 
when suspected, the injection of air mto the pericardial sac preceding 
roentgen-raj examination maj lead to a correct diagnosis 



FlO IOC — Tra«ing fhoHine tb« Umued r««pmtoo mo\em»nta of the heart in 
edbeane pencarditie 

The Aorta —Anatomical tanations of the thoracic aorta are 
rarel\ diagnosed during life There are tt\o conditions, however, 
tthich present a fairlj char'iclenstic roentgen appearance as a elf as 
being of considerable dinical importance The first, coarctation of 
the aorta, is a ell-known postmortem finding and consists of marked 
narrowing or obliteration of the lumen of the aorta opposite, or a 
little below the insertion of the ligamentura arteriosum The collat- 
eral circulation is set up by the costocerxicals, internal mammaries, 
and the descending brandies of the transier'se cervical abote the 
stenosis, and below it bj the mtercostal arteries, the pericardio 
phrenics, and the superior and mferior epigastncs, w ith enlargement 
of all these \ essels On examination with the roentgen-raj in the 
antero-postenor \ lew the aortic knob is usuallj absent, the ascending 
aorta is promment, and the heart is usuallj enlarged In a film 
taken m this position erosion of the ribs due to the enlarged mter- 
costal arteries is often seen, m the second oblique position it is 



Fic 167 — Aneurysm ot the aort c arch 


m the anteroposterior Men, and b\ rotating the patient into an 
oblique position it is usually possible to demonstrate the abnormal 
position of the aorta, the heart mav or ma\ not be enlarged the 
trachea and esophagus are displaced fortvard and he anterior to the 
aorta The clinical importance of this condition is due to the fact 
that additional anatomical \anations of the \esse!s of the neck maj 
occur— the subclaMan arterj extending into the neck m such a 
manner that it is mistaken for the inferior thjTOid arterj Increase 
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m the supncirdiac slnclow, as seen roentycno)ogJca]]>, occurs most 
frequently as the result of lues artenosclcrosis or high blood- 
pressure 

In very large hearts there seems to be a relative enlargement of 
the aortic shadoTP The aortic shadon is also slightly mder in 
cases with a high diaphragm than in cases where the diaphragm is 
Ion Probably some of these \anations are due to the difference 
m the shape of the aortic arch If the arch is wide, there is less 
overlapping of the ascending and descending aorta and conse- 
quently, the diameter of the shadow 13 increased 

Luetic aortitis commordj appearsfirst just above the aortic vahes, 
and as the wall of the aorta becomes weakened there is a bulging 
of this area, which appears as a variable prominence of the right 
border above the shadow of the auricle Bj rotating the patient 
before the fluoroscopic screen an actual increase m the diameter 
of the base of the aorta can be demonstrated The shadow ma> 
ha\’e the appearance of a cone with its base upon the heart shadow 
In advanced and atj’pical cases the dilatation of the aorta may be 
general There is usunlh an increase in pulsation and the shadow 
of the heart ma% have either an enlargement to the left or an 
appearance of flabbiness 

In arteriosclerosis the calcified plaques m the aorta arc not 
visible unless quite extensile fhe tortuous aorta however does 
present a definite cliaractenstic change m the appearance of the 
aortic shadow There is a diatiuct sharp increase m the Tipper 
part of the shadow to the left, and often the appearance of a knob 
at tlie junction of the transverse and descending portions When 
viewed obhquelv the aorta will be seen to be of normal, or nearly 
normal, size 

In manv cases of long-continued high blood pressure there is 
a diffuse dilatation of the aorta which cannot be differentiated 
from that of the diffuse luetic tvpe by roentgen evidence alone, 
or there may be a combination of diseases present, making the 
diagnosis most difficult, and, at times, impossible A careful 
fluoroscopic study should be made of these cases, comparing the 
oblique shadow w ith that obtained in the anteroposterior view, and 
noting the amount of expansion with each pulsation Pulsation is 
diminished m arteriosclerosis, it is increased m aortic regurgitation 
and high blood pressure 

Aneurysm —The size, position and location of aneurysms of the 
aorta are seen both on the film and on the fluoroscopic screen in 
sharp contrast to the surrounding lung structure If the lesion 
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occurs in the subclavian arterj, or m the \essel3 of the neck 
which are not in contact with the lung structure, the aneur,\ sra is 
in\nsible 

Aneurj sms of the ascendmg aorta are seen to the right, whereas 
aneurysms of the arch usually appear high up to the left of the 
spme Aneurjsms of the descending aorta appear m the lower 
portion of the aortic shadow to the left, and may be partially hidden 
by the shadow of the heart Large, diffuse aneurjsms maj appear 
as a general increase in the shadow of the great \ essels 
Dissecting aneurisms are difficult to recognize Ordinanh the> 
cause a diffuse enlargement of the central shadow At times a dila- 
tation of the descending portion maj be eaident, but this is usualK 
obscured b^ fluid in the left pleural space 
The pulsations of aneurisms are not always seen on the fluoro- 
scopic screen It is evtremely difficult to differentiate between 
eapansile and transmitted pulsations therefore, the presence or 
absence of pulsation, as observed fluoroscopicalJj , is not of con- 
clusive \alue m the diagnosis The position of the sac is of more 
importance Its outline should be sharplj defined and the shadow 
of the aorta should be obscured b\ it 
Mediastinal tumors, other than aneuosms, are not as sharply 
defined Their position may be nearer to cither the front or the 
back of the chest than that of the great vessels, or thej may occupy 
a position either higher or lov>er than that usually occupied by 
aneurisms Occasionally, the shadow of a normal aorta may be 
seen through that of a mediastinal tumor They displace the heart 
and aorta more frequently than aneurv sms, but do not cause enlarge- 
ment of the heart, which so frequently accompanies aneurysms 
MedKutimtis, with or without abscess formation, may cause 
both an increase in size and a change in shape of the mid shadow 
Tuberculosis and lues are, perhaps the most common causes 
The mediastmum rarely becomes infected with one of the pyo- 
genic orgamsms, if it does, the point of invasion is often bv way of 
the interlobar septum 

The roentgen findings are fairlv characteristic The mid- 
shadow IS enlarged, and roughly triangular in shape with its ba«e 
upon the diaphragm Its outline is irregular and indistinct and 
the outline of the cardiac shadow can be seen through it. There 
is no V isible pulsation, and the shape of the shadow does not change 
with a change in position of the patient The respiratory move- 
ments of the heart and diaphragm are limited and m some 
cases paradoxical This sign when present is almost pathognomonic 
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Fie 168 — Mediastinal effusion Note the loatked increase of the mid-sbadow 
through which the shadow of the heart la tmble Arrows indicate the borders of 


In atypical cases tlie enlai^ement may be to one side only, 
and, should fluid be present, the shadow becomes denser and more 
sharply defined In some cases, where the fluid is encapsulated, 
the appearance closelj resembles that of mediastinal tumor 
The shadow produced by mediastmitis is not m itself sufficiently 
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characteristic to permit of a diagnosis as to its etiologj, except in 
cases where other organs are in\ol\ed Tuberculous mediastmitis 
IS accompanied imariablj bj a tuberculous process in the lung's 
In luetic mediastmitis the clianges in the heart and great \essels 
characteristic of this disease are frequently seen The pyogenic 
forms ma\ show thickening along an interlobar septum 



Fio 169 —Dilated esophagus due to eud o^pasm o^erlTiDg right border of heart 
aod tned satinum Compare w tb Fig 168 


The conditions most likeK to be confused tvuth mediastmitis are 
pericarditis with or without effusion and mediastmal tumor In 
the differential diagnosis the finding of greatest \alue is the para 
doxical mo\ement of the heart with forced respiration This 
does not occur m the absence of mediastmitis The next most 
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important sign is the clear outline of the heart showing through 
the enlarged mid shadow which rules out pericarditis w'lth effusion 
The other findings such as absence of pulsation and irregularity 
of outline maj be present in either disease 
The shadow of fluid m the mediastinum whether encapsulated or 
not generally appears low er m the chest than the shadow s produced 
by enlargement of the glandular structures or by primary tumor 
It IS not uncommon for the shadow of mediastinal abscess to extend 
to the diaphragm, whereas the shadows of enlarged glands, or of 
tumor, rarely appear below the hilus region 

Pernertebral abscess genemlly proiluecs a more or less fusiform 
sliadow winch appears on loth sides of the central sliadow It 
may be confused with the shadow of the aorta As this condition 
frequently results from a lesion m the spine the recognition of a 
destructive process m the vertebne is of considerable importance 
in the diagnosis Films obtained in the lateral view are of great 
value as they show tiic bmlics of the vcrtcbrn> much better than 
those obtained in the anteroposterior view They also show the 
location of the mass m or l>ohin 1 the posterior mediastinum 
Occasionalb cardiosjiasm the esophagus mav be dilated to 
such an extent that it appears as a long smcHJth shadow curving 
outward into the right lung field It mav be more easil> recognized 
when It continues upward almvc the daviclcs The admmis* 
tration of s barium meal will also confirm its identity A diverticu 
him of the esophagus mav simuhte the apfearance of mediastinal 
tumor encapsulated empjema or aneurism 
The Diaphragm —The normal diaphragm curves smoothly down 
ward from the pericardium and forms a sharp angle with the pleura 
The right side is higher than the left (1 cm or more) and in some 
cases there are several smill airves near the dome which are clue 
to variations in formation of different leaves of the iliaphragm and 
have no pathological significince I Iiioroscopicalh the diaphragm 
should be seen to raov e frcel> and cqiiaUv on both sides during Ixith 
quiet and deep respiration 

Changes tn Outline —The conditions which maj cause changes 
m the outline of the diaphragm arc (1) irregularitits upon the sur 
face of the liver (2) masses directly below the diaphragm which 
tend to transmit their shape to the shadow of the diaphragm during 
forced inspiration and (3) bands of adhesions to the pleura or the 
chestwall which elevate small stnngy or triangular areas and thus 
change the outline of the diaphragm 
The outline of the diaphragm becomes obscure wlienever there 
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IS a process m the adjoining lungs iihich preients their proper 
aeration, and ^rhen there is an accumulation of fluid in the pleural 
space In the presence of an% considerable amount of fluid, the 
outline of the diaphragm is entirelj obliterated When these 
conditions are present, the pocition of the diaphragm on the left 
side ma% be obtained bj placing the patient in the upright position 
and ha\ing him allow a few tunes This procedure increases 
the size of the gas bubble in the fundus of the stomach, tberebj 
bringing it in contact with the under surface of the diaphragm 
Changes in Matihty —A slight limitation of motion maj be 
obser\ed when the patient is breathing quietK, which disappears 
coropleteli upon deep respiration 
Bilateral limitation of motion may be caused b\ emphvseina, 
ptosis, ascites, peritonitis, pleuritis at the base of both lungs, or 
extensive fibrosis from aoj cause Unilateral Jiraitition maj be 
duetoinfiamniatorj conditionsaboveor below the diaphragm, such 
as pleuritis, a diseaseil appendix or gall-bfadder, subdmphragmatic 
abscess and pennephntic abscess 
^Yhen the inflaramatorv process is m direct contact with the 
diaphragm, either above or below it, there is, as a rule, a complete 
loss of respiratorj raov ement Am condition w hich interferes with 
inflation or deflation of tbe lung will also cause a decrease in the 
respiratorj movements of the diaphragm on the affected side, 
examples of which are foreign bodies or new growth in the bronchi, 
and extensive destructive processes in the lung substance 
Paradoxical excursion of the diaphragm is seen m paraljsis of 
the phrenic nerve, and djaphngniatic hernia The side affected 
rises during inspiration and falls during expiration 

Changes in Position — The diaphragm is low m ptosis and einphj- 
sema It is high in obesity, ascites and subdiaphragmatic abscess 
In eventration and hcrnn of the diaphragm, the elevation is gen- 
erallj confined to the left side In eventration, the diaphragm is 
considerahfv elevated, 6ut its movements are normal’ afcAotigiV 
somewhat limited In hernia its outline is obscured and its mov e 
ments paradoxical In either case, the administration of a barium 
meal will demonstTate the position of the abdominal viscera In 
emphjsema, both the inspiratorj and the expiratorj movements 
are limited in all positions of the patient W’lth v isceroptosis, the 
expiratorv movements are not limited, and the inspiratorj move- 
ments are limited onlv when the observation is made in the upright 
position 
15 
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Subdiaphiagmatic Abscess — Subdiaphwgmatic abscess may cause 
marked upward displacement of the shadow of the diaphragm 
If the collection of pus is in contact ^ith the diaphragm excursion 
IS absent When the infection has extended into the chest and 
miolved the pleura theouthneof the diaphragm becomes obscure 
and It is not possible to detennme from the roentgenogram whether 
or not there IS disease below it Occasionally a subdiaphragmatic ab- 
scess contains a gas bubble below which there is a fluid level which 
changes with change of position of the patient For this reason 
these cases should be examined m theupright position when possible 
Encapsulated fluid above the diaphragm may closely resemble 
subdiaphragmatic abscess if the collection of fluid is between the 
lung and diaphragm 


LUNG FELDS 

An examination of the lungs should include both fluoroscopj and 
films prefenbli with the patient m the erect position In certain 
conditions examination m the prone oblique and lateral positions 
should be made also films taken at expiration and with the 
Potter Biickj diaphragm 

The number and position of the films desired should be deter 
mined at the time of the fluoroscopic examination It is not ncces 
sary to take stereoscopic films as a routine procedure but in selected 
cases thej may be of considerable additional value 
Body Section Roentgenography — Laminagraphj is a technical pro 
cedure b} means of which films are obtained showing deep seated 
lesions or organs free from o\cr or underhing structures The 
method is of considerable \alue m the demonstration of cavities 
and for detailed studies of obscure lesions 

Normal Lung —The lung fields are of equal densitv on both sides 
Tliej are slightU obscured bj the pectoral muscles and the breasts 
in the postero anterior \ lew and as a rule there is slight haziness 
at tlie left base in the region of tlie ipex of the heart 
In the antero posterior \iew the normal lung markings represent 
the bronchi bloodvessels and hraphatics of which the bloodvessels 
are the most important part An> condition which produces an 
enlargement of the bloodvessels causes a definite increase m the 
size and density of the lung markings The normal shadows spread 
outward from the hilar regions through the lung fields for a con 
siderable distance but rarely reach the pleura The shadows in 
the region of the descending bronchi on both sides are generally 
more dense than those in the upper portions of the lungs 
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The size and densiU of the lung markings depend upon the quahtv 
of the film It IS important that the exposure time should be suffi- 
ciently short to arrest heart motion Overexposure obscures the 
markings Jlotion increases their size and blurs their outlines 
Films obtained during expiration, orwhen the lungs are incompletelj 
expanded, shovs an accentuation of the shadows m the lower lobes 
due to a decrease m air content and an increase m the size of the 
bloodv essels The most distinct films are obtained bv an exposure 
made at a relatively long, target film distance, while the lungs are 
well expanded and the patient is absolutelj quiet The markings 
are more prominent m the old than m the j oung, and in all patients 
who hav e been exposed to a dustj or smokj atmosphere 

Repeated mfection of the respiratory tract generally produces 
permanent enlargement of the lymphoid structures of the lungs, 
which shows on the film as an increase in size and density of the 
lung markings 

The hilar shadows vary in size and a consuJenble experience is 
necessary before one is qualified todistinguish betw een their normal 
and pathological appearances The roengenologist must have a 
fairly accurate idea of the course and distribution of the mam bronchi 
within the various lobes Careful studv of stereoscopic films and 
of lipidol injections is extremely valuable m this connection 

In the lateral view, the hilar shadows are obscured by the heart 
and only the coarser lung markings are well shown This is the best 
position to demonstrate the interlobar septa and the retrocardiac 
space 

Accessory lobes may be recognized if thev are siurounded by 
somewhat thickened pleura The most common example is the 
azygos lobe, which occurs at the right apex Its outer margin is 
defined by a pleural band w hich usually carries se\ eral small v essels 
within it, and which has the shape of an inverted comma Other 
accessory lower lobes have been observed Slight tenting of the right 
diaphragm close to the heart, representing the pleural attachments 
along the lateral borders of a small accessory lobe m this region 
is sometimes seen Any of these lobes inav be atelectatic or cv stic 

Pathological Changes —Diffuse increase in densitv m one or both 
sides IS found m extensiv e pleuritis — ^with or w ithout fluid — massiv e 
pneumonia, and occlusion of a mam bronchus A general increase 
m radiabihtv is due usuallv to emphysema Localized areas of 
diminished density may be due to pneumothorax or cavuty forma 
tion Annular shadow s usuallv mean cavities, but emphvsematous 
blebs and congenital ey sts w ill give a similar appearance Localized 
areas of increased density are due to consolidation, flbrosis, new 
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growth abscess infarct and to an\ other process which excludes 
the air from an area of lung tissue 
The root shado’sa are enlarged m malignant disease involving 
glands m this region in infections long standing passive conges- 
tion of the lungs and silicosis 



Fio 170 — Normal chest Exposure marie at the end oF lasp rat on rv th Iudes 
completely nBated 


The lung markings are increased in size and density in most 
infectious diseases of the lungs and in all systemic diseases which 
cause a general glandular enlargement Malignant disease either 
primar\ or metastatic mat spread along the b mph channels pro 
duemg ail increase in their shadows 
Fine mottling or beading along the bronchi or in the lung sub 
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st‘\nce IS usualK caused b^ tuberculosis or malignant disease but 
ina\ be due to other conditions ^ diffuse mottling of considerable 
densiU ina\ be present for months or a cars follow ing the injection 
of Jipiodol into the bronchi 



FiQ 1 1 — '5ame ca e as n F g 170 eseposu e made at the end of exp rat on w th 
lungs deflated 


Displacement of the mediastinum occurs in conditions ithere the 
balance of pressure on the tuo sides is disturbed if no adhesions 
arepresent Thedisplacementi3awa\ from the affected side in large 
effusions pneumothorax or exteji5i>e tumor formation The shift 
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IS toward the affected side m aoi condition whic?i prevents expan 
Sion of the lung or causes extensue destruction of lung substance 

Emphj sema results from a x anetj of causes It produces a lung 
winch is abnormall> bright when seen fluoroscopicallj and a diaph- 
ragm w Inch IS low w ith \ erj little mo\ eraent on respiration Radio- 
graphicallj , the lungs are dark with well defined bronchial patterns 
In occasional long-standing cases lai^e blebs resembling local col 
lections of air in the pleura se\cral inches in diameter occur They 
are best demonstrated in films taken in the lateral plane Stereo- 
scopic and lateral films, in addition to the clinical evidence, will 
establish the diagnosis 

Taberculosia — Tlie primary focus in tuberculosis is probably in 
the periphery of the lung, but it is not always evident Howe\er, 
an increase in the root shadows is often seen as a result of glandular 
imolvement which in children, is gcneralK pronounced In the 
acute stage, their outlines are blurred and indistinct If healing 
occurs the shadows graduallv dimmish in size, increase m density 
and sharpness of outline, and subsequently show areas of calcifica- 
tion If the infection progresses there is a general thickening of 
the bronchial markings along the track of the disease, usually 
more pronounced toward one or both apices IMien this has 
occurr^ the clinical examination mav reveal dulness at the 
affected area ^\hen the extension of the disease is downward, it 
IS diilicult to recognize m the early stage, owing to the normal 
thickening toward both bases However, extension m this direc- 
tion IS unusual 

The films of most adult lungs «how a certain amount of thicken 
ing of the bronchial markmgs as a result of previous infections, 
which hav e no pathological significance The demarcation between 
the normal and pathological lung is not sharp, and it requires 
considerable experience in the observation of films, combmed with 
complete clinical data to avoid errors in interpretation 

If the process continue small bead like masses appear along the 
course of the thickened bronchial shadows, and triangular areas of 
filmy density may be seen with their bases on the pleura and their 
apices extending inward toward the thickened markings These 
triangular areas are probably the earliest evidence of a definite 
involvement of the parenchvma of the lung but unfortunateh 
thev are not easily seen and may occur in other infections 

In the next stage of the disease, finelv stippled grayish spots 
appear throughout the involved area apparently independent of 
the bronchial markmgs which now extend to the penphery of the 
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lung These spots denote definite jnvohement of lung tissue 
Clinical examination at this time, ma\ sho\s tlie presence of rales 
This characteristic fine mottling is tlie onl\ safe basis for a roent- 
gen diagnosis of tuberculosis, and it is present in its most t\'pical 
form m miliarj tuberculosis ^\ith further progress of the disease, 
there is an enlargement and fusion of these spots, resulting m a 
coarse mottling andfinalh the appearance will be that of consolida 
tion, fibrosis or caMt\ formation 



Fiq 172 — Tuberniloms at both apices 


Areas of healing may occur at anj time, or progress and healing 
may occur simultaneouslj , so tliat it max be impossible to decide 
from roentgen exidence alone whether or not a case is actixe or 
quiescent In general, actixe lesions are dim graj and blurred, 
healed lesions are more dense and sharply outlined 
Consolidation —The consolidation of tuberculosis does not differ 
to anj great extent in its roentgenological appearance from that 
produced by other causes The correct interpretation of these 
shadows, therefore depends to a considerable extent upon addi- 
tional data, the most important of which is the history of the case 
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There are however certain observations that the roentgenologist 
should make which may be of considerable diagnostic value 
Tuberculosis commonly begins in the ujiper posterior portion of 
the upper lobes In a few cases particularlj in > oung persons the 
disease may first appear m the lower lobes It tends to become 
bilateral and is accompanied freqnentlj by disease of the pleura 
In portions of the lung other than those in winch the major process 
occurs the charactciistic fine motthi^ of tubercle formation ma> 
beobser\ed The demonstration of a round bright area m which 
there is al scnce of lung markings is indicatn e of ca% ity formation 



Fio 173 — PenbroBcb aJ luberrulo* a Advaoced tuberculcs s tno later 


The demonstration of carities is of great \ahie in both diagnosis 
and prognosis 

The shadow of consolidation from an\ cause is quite dense but as 
a rule the ribs can be seen through it In tuberculosis the shadow’ 
is likely to be more mottled than in other lesions and somewhat 
less dense It is also less likely to be confined to the region of a 
single lobe and its borders are not so well defined 

Fibrosis —Fibrosis appears on the film or screen as areas of 
increased densitj of -varying size their margins are irregular and 
indefinitelj defined 'Withm the involved areas are manj bnehke 
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shado^^3 of niarketll;v increased dcnslt\ and there ina\ be a con- 
siderable decrease in ^olulne of the imobed lung with limitation 
of respiratory movements 

Canty.— The ca\ ity of tuberculous origin appears as an area of 
diminished density in w hich there is an absence of Jnng markings. 
These cavities generally appear at the apex of a lobe or in the 
upper part of the lung field. Thev vary greath in size, are fre- 
quentlj multiple and their outlines are irregular There are three 



Fig 174 — Coeck’s sarcoid in s woman aged twcol}K>ieht >ear» Note the sjmmet- 
rical enlargement of (be hila glands indicated by (he arrows 

tv-pes depending upon the stage of the process and the patient’s 
resistance. The first shows an irregular mottling in an infiltrated 
area, representing a fairly acute process, second, arc the round cav i- 
ties w ith a thin v\ all— the thinner and more dense the wall the better 
is the prognosis, third, the fibrotic cavities with a heavy wall— evi- 
dence of chronicity of the process and resistance of the patient. In 
older individuals this type of cavity is often a source of contagion. 
Tuberculous cav ities are less apt to show fluid lev els than py ogenic 
lesions. However, small fluid levels are seen and occasionally 
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films made after a fit of coughing may demonstrate that an area 
of apparent consolidation was a cavity filled with secretion Serial 
films made on the same individual will show considerable variation 
in the size of ca\ ities and in the extent of the infiltration about them 
Ulceration of the Bronchi — In advanced pulmonary tuberculosis, 
ulceration with partial or complete occlusion of a bronchus is a 
common finding It may be the only demonstrable lesion and it 



Fio 17o — M bary tuberculos sol tbe lungs The chsoges are most marked 
3n the upper lobea 


is not infrequently the cause of unexplained pulmonary hemorrhage 
\Vlien this lesion occurs as a complication of ad\ anced phthisis the 
diagnosis is usually not difficult in the earlj cases how ever the 
findings may be misleading Tlie roentgen findings are those of 
varying degrees of bronchial obstruction and may be overlooked 
unless films are taken at full expiration as well as inspiration The 
findings of diagnostic importance are calcification in the bronchial 
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or peritracheal glands o\eFdisteDtioD or collapse of a lobe or part 
of a lobe, and the presence or absence of tuberculosis in the paren- 
chj ma of the lung The lesion maj be mistaken for primarv malig- 
nant disease and m difficult cases a bronchoscopic examination ma\ 
be necessarj to establish the diagnosis 
Mxhary Txiberculosia — Miliarj tuberculosis presents a character- 
istic fine, hazj mottling scattered throughout the lung fields This 
mottling, as a rule, is more marked in the upper parts of the chest, 
but it may be quite e\enly distributed throughout the entire lung 
fields The shadows are not dense, and ma> be easilv oxerlooked 
if the film IS blurred h\ motion or oxerexposed Thej are rarelx 
obserxed on the fluoroscopic screen, and unless there is further 
ex idence of tuberculosis in the chest such as calcified masses at the 
lung roots or fibrosis at the apex, the lesion is generally ox erlooked in 
the fluoroscopic examination One occasionalh sees a lung field 
dotted xxith small calcified spots, representing miharj lesions xxhich 
haxe healed Manj of these are undoubtedl> due to tuberculosis 
Miliary tuberculosis must be differentiated from several other 
processes Fneumocomosis and metastatic malignant disease are 
the most common causes of confusion 
In rare instances metastatic malignant disease appears as definite 
small discrete areas of increased density scattered throughout both 
lungs, but the spots, although approximating those of miliarx tuber 
culosis m size, are more dense and more sharpl> defined 
■Nliharj tuberculosis max bedifferentiated frompneumonoconiosis 
bx the fact that it is a more diffuse process mxoKing all portions 
of the lung uniforml} , xx hereas pneutnonoconiosis tx-picallj inx olx es 
symmetrical areas and spares the apices and bases The mottling 
of pneumonoconiosis is also more dense and the 'ipots are more 
irregular in shape and larger than those obserx ed in tuberculosis 
Boeck’s Sarcoid —The etiology of this disease is not known The 
common manifestations are seen in the skin, but it can probably 
inx olx e any organ of the body When it manifests itself m the chest 
it 13 charactenzed by symmetncal enla^raent of the hilar glands 
In a considerable percentage of the cases there is also fine mottling 
along the course of the larger bronchi, rarely this mottled appear- 
ance extends to the periphery The apices and bases are usually 
spared The process is a chronic one, and is usually accompanied 
by slight irregular elex ation of temperature The appearance on 
the roentgen film max be confused with tuberculosis or Hodgkin’s 
disease It max be differentiatwl frtMii tuberculosis bx its distribu- 
tion, and the fact that calcification or caxntx formation does not 
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take place and from Ho<lgkin s disease l»\ the absence of in\ oI\ e- 
inent of the peritracheal glands and the symmetry of the lesion 
Lobar Pneumonia —Lobar pneumonia is characteri2ed by sharph 
defined areas of increased umfonn densitv vhich when fullj de\el 
oped generally occupy the position of one or more lobes 

In the early stages tlie shadow although uniform is less dense 
and may he triangular m shape with the base on the pleura and 


the apex toward the hilum The lung markings in tl is area are 
thickened and the hdam g)ands are erAarged It has been oiwened 
in children that dulness and changed breath and voice sounds are 
not ordinarily perceptible until the shadow reaches the hilum The 
shadow changes with the progress of the disease and as resolution 
appears becomes distinctly mottled After the shadow itself has 
disappeared thickened bronchial markings or large glands may 
persist for a considerable time 
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The differentiation between lobar pneiimotin and pleural effusion 
mav present considerable difficult^ at times jarticularh when the 
fluid IS localized m pockets between the lobes or o\erlMnp: them 
Lateral films are essential for a proper interpretation h luid shadow s 
seldom correspond exacth to lobar outline^ 

Bronchopneomoma — Broncliopneumonia occurs more frequently 
than IS generally recognized Owing to the absence of physical 
signs the diagnosis raa\ depend largely upon the roentgen examina- 



FiG 177 — Bronchopneumon a following opera! on Upon the nose {postmortem 
confirmat on two da} a later) 


tion and the historx Tlie appearance is tliat of single or multiple 
areas of jncrea«!ed density generally located near the coiir^ of tl e 
larger bronchi Tliese areas are of \ar\ang size and tl eir outlines 
are hazy The lesion is usually multiple Tl ere is frequently a 
considerable wanation in the densiti of different parts of the same 
area as well as between the different areas The central portion 
may become quite bright but the lung markings are neter com 
plete!\ ab<^nt as in cavity formation Tl es^ processes rarely reach 
the pleura and tl ere is generalK absence of interference with 
respiratorv exctirs on 
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The differentiation of bronchopneumonia from abscess, bron 
chiectasis and malignant disease depends largely upon the course 
and clinical history Tiie roentgenological observations which are 
of importance m the differential diagnosis are the presence or absence 
of atelectasis, cavity formation and the number and size of the 
lesions 

Abscesses are generally single lesions, and, except m the early 
stages, contain a definite cavity Shadows due to bronchiectasis 
change with the amount of secretions m the bronchi and there is 
more definite enlargement of the bronchi In malignant disease 
the areas are generally smaller and more dense, and their margms 
are more sharply defined 

Bronchibs — Bronchitis when acute gives no characteristic picture 
The chronic inflammation appears as an increase m the size and 
density of the bronchial markings and glands 
lung Abscess —Abscesses alwajs occur in the periphery of some 
portion of the lung Lateral views are necessary to determine which 
lobe and bronchus are involved Lung abscess generally follows 
(1) the acute infections (2) the inspiration of infected material at 
operation, (3) infected emboli or (4) obstruction of a bronchus 
Clinically it is a disease of svroptoras rather than signs, therefore, 
the roentgen examination is of the greatest aid in indicating the site 
and extent of the process m its earl^ stages 
The lesions are usually single, although they may be multiple 
They may occur m either lung field, but show a decided tendency to 
appear at the bases, particularly the right They assume the 
form of irregular areas of increased density, which are most marked 
at the center, fading out toward the periphery 

Cavity formation is usually present in the areas of infiltration 
When filled with fluid they arc indistinguishable from the general 
shadow surrounding them, but tbe larger cavities become distinct 
when partially filled with air, particularly if they contain sufficient 
fluid to cause a fluid level If a fluid level is present its surface 
shifts according to the position of the patient Small cav ities may 
be entirely overlooked, particularly if filled at the time the exam- 
ination IS made They can be demonstrated more easilj in the 
upright position and the screen examination is of considerable % alue 
Cavities should be carefully looked for, as they are of great diag 
nostic importance 

If the patient is raising a large amount of sputum as is fre- 
quently the case, films obtained before and after evacuation may 
show a localized area, the den<nty of which diminishes with evac- 



hVSG FIELDS 


239 


uation Partial! j emptied caMtics are demonstrated much more 
easih than caMties that are full Ihe bronchial markings distrib- 
uted to the areas in\ol\e<l are enlai^ed and coarse and the hilar 
shadows are increased in size 

Abscesses mav persist for a long tune as areas of thickening 
or thej maj heal spontaneoush without leaaing a trace of their 



Fio 178 —Lung absc«M Th« c«TitZ ot the abscess can be seen as an area of 
<hnuntshed <lens ty in (be eenter of (be <^U area in (he r gbc ebesC 


presence on the roentgenogram TI eir localization is frequently 
unsatisfactorj to the surgeon as the zone of pneumonic infiltration 
surrounding them magmfies the area of in\oK emcnt If the caaatt 
of the nb*'Cess can be demonstiatetl its location is nccomplisbed 
liest ba rotating the patient dunng the ‘^ecn examination and in 
this wax the point on the chest wall which is nearest to it can be 
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demonstrated Tins pomt should be marked on tlie patient’s skin, 
and, if possible, it should be the point of approach selected by the 
surgeon The distance from this point to the cavity shou/d be 
indicated also by a second mark on the chest This mark Mill be 
at exactly tlie point m here the shadoM of the cavity appears M’hen 
viewed Mith the parallel rajs of the tube passing through the chest 
at right angles to the pomtof approach This data should beaccom- 
panied by a statement as to the pres«icc or absence of involvement 
of the pleura If the pleura is adherent, surgical approach is much 
easier 

Abscesses raaj be confused with tuberculosis, bronchopneumonia 
and bronchiectasis They are rarclj mistaken for metastatic 
malignancy Their similarity to tuberculosis lies in the occurrence 
of cavities In tuberculosis the cavities usually are empty, Mhereas 
the cavities of abscesses generallj contain some fluid In tuber- 
culosis there is also further roentgen evidence of the disease, such 
as the characteristic mottling elsewhere in the lungs, espeaally 
at the apices, whereas abscesses arc more common at the bases 
and the apices are clear Bronchopneumonia maj be differen- 
tiated from abscess by the fact that it produces a shadow of more 
uniform density and there is no cavitj formation Broncliicctasis 
13 generally a diffuse process, and tlie bronchial changes are more 
extensive than in abscess, although these two conditions may blend 
into each other at times Small multiple abscesses maj be mistaken 
for metastatic malignant disease, but the historj and clinic'll course 
will determine the dngnosis 

Sroncluectasis —The chief value of the roentgen examination m 
this disease lies m determining the location and extent of the disease 
and the presence or absence of other lesions The characteristic 
picture m a well ailvanceil case is (1) the extensive thickening of 
the lung markings along the course of the larger bronchi (2) the 
enlargement of the hiium glands, and (3) the presence of single or 
multiple areas of increased densitj m the lung fields near the bronchi 
which maj show considerable change m films obtained before and 
after expectoration 

\ti \Vit: -exi'i'i ‘iV/t y/itkvav to Vtto waI 

depends upon the demonstration of loose fluffy shadows of the 
affected bronchi and the infiltrated lung surrounding them 

The introduction of an opaque substance (Iipiodol) into the bron- 
chi permits of a complete studj of the size shape and distribution 
of the bronchi There are two mam tjpes of lung involvement, 
as shown bj lipiodol injections First Multiple small abscesses 
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scattered through a considerable portion of one or more lobes \\ itli 
some eMdence of bronchial dilatation or deformit\ The second 
form consists of a c\Imdrical dilatation of the bronchi nhich dion 
‘imall buds along their margins 

roteign Bodies — Toreign bwlies ma\ be either opaque when the\ 
are easiK recognized or non-opaque m which case the diagnosis 



Fia 1 9 -“Bronch eclss s of left lower lobe later cooBmcd by 1 p odol inject on 


must rest upon indirect eiidence fhe presence of a foreign bod% 
ma% cause an area of increased densit\ as the result of (1) a local 
ized pneumonia surrounding it (2) abscess formation or (3) a 
collapse of one or more lobes <lue to broncliostenosis Occasionally 
the foreign liodi inaj permit air to pass into but not out of the 
affected hmg protlucmg a localized emplnscim 
16 
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The routine examination for foreign bodies should include postero 
anterior films taken in inspimtion and expiration as xvell as lateral 
films A survey of the neck and the lar\nx must not I e omitted 
Precaution should be tal en to obtain films free from motion other 
\\ ise the object rnny he obscured 
The appearance on the film or screen will vary according to the 
tjpe size and location of the foreign bo Ij and often only md rect 



Tio 180 — Saiae case ai nFg 179 expoaure mad« alter n ect on of 1 p odol Tbe 
d laled breach aro dial nctly vu ble 


Signs are observed Calcified glands are mistaken sometimes for 
foreign bodies W hen there is obstruction to tlie entrance of air 
into a lung or lobe there is generally some increase m density 
throughout the involved area The diaphragm is high on the side 
affected and its respiratory movements are limited The heart 
and mediastinal contents are displaced to the affected side When 
there is expiratory obstruction the motion of the diaphragm is 
either limited or absent and there is displacement of the mediastinal 
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contents awa\ from tie lesion Tie n/Tettwl s de is iiniisu'ill% 
bright nnci the diaphragm is low This tx-pe of lesion is more clearh 
demonstrated on films taken at full expintion 
Gangrene —The gangrenous lung casts an extensn e Miadow 
which may occup\ one entire lung field Its characteristic features 
are the presence of large irregular areas of diminished den':it\ 



F <3 ISl — case as n r £ I 9 lew oliti ned kt «c I p odol 


and a general coarse mottling of the sha low This appearance ma\ 
be simulated b\ an expanding lung following a proloi ged pneumo- 
thorax 

Primary Tumor — Pnmars tumors of the lung ma^ be either benign 
or malignant tl e latter be ng 1 \ far the more common H e\ usualK 
arise from the bronchial structures aid are unilateral single lesions 
m the earh stages The malignant ti mor frequpntJ\ metastasizes 
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to the brain and maj cause the patient to seek medical advice before 
the primarj tumor has made itself evident Usually the presenting 
symptoms are cough pain and hemoptvsis this sjmptom complex 
occurs m both the benign and malignant tumor as well as in other 
conditions causing ulceration or occlusion of a bronchus Late 
symptoms are usually due to complications arising from infectious, 
atelectasis or extension of the disease to other organs 

The roentgen finding will depend upon the size and location of 
the tumor and the presence or absence of complicating lesions 



Tio 18“’ Ep dermo d care noma invol mg the rght upper lobe and med aat nal 
glands Note the irregular indefinite outl ne ol the mass 

Since these tumors either benign or malignant usualK arise from 
the bronchia! mucosa the eirliest signs are those of interference v ith 
air flow and are best demonstrated bj observing the appearance of 
the lung fields during forced breathing or on films taken at the end 
of each phase, full inspiration and expiration with the patient in 
the upright position The area of lung supplied bj the affected 
bronchus will show the follow mg changes in the ori!er named shglit 
haziness overdistention increased brightness partial or complete 
collapse and increased dulness If the tumor js situated in one of 
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t}»e Jarger bronchi it is sometimes possible to Msmlizt the tumor 
ns a more or le^s rounded mass protruding into the lumen of the 
nir filial bronchus slighth o\erexposed films or films taken with 
the Potter Buck% diaphragm are helpful The appearance of the 
tumor m'i\ suggest its character— benign tumors are often peduncu 
fated inth smooth sharph defined margins and mnv contain dense 
nrens of calcium deposit malignant lesions usualh ha\e a broad 
hast indapoorK dcfiiied margin Ifthertgionnlglandsnreenlnrged 
and there is e\idence of extension of the tumor outside the bronchus 
the lesion is almost certain to be malignant 
Uith further progress of the disease and increasing bronchial 
obstruction \ ar\ mg degrees of atelectasis and infection occurs fol 
loiialbi consolidation abscess and ea\ it j formation Tlie roentgen 
picture is non that of the complicating process and all eaidence of 
the primarj lesion except that of bronchial obstruction is lost In 
rapidls gromng malignant tumors spr^d be\ond the area of lung 
supplied b\ the occluded bronchus mas be obsencd or metas 
tases mas appear causing enlargement of the mediastinal glands 
nodules m the opposite lung or fluid in the pleural space 
Primara lung tumors sometimes occur without ei idence of bron 
chial insoheraent tliev areusualK seen in the periphery of the lung 
fields If both anteroposterior and lateral \iews arc taken such a 
tumor appears as a single dense rounded sometimes lobulated mass 
which cannot as a rule be distinguished from a metastatic tumor 
The benign forms are slow growing usualb quite round and sharph 
defined m contrast to the malignant tvpes w inch are often lobulated 
or irregular m shape and ma\ show evidence of involvement of 
surrounding structures especially the pleura 
Since the diagnosis of primarv pulmonary tumors is often diffi 
cult and at times impossible b\ ordinarj methods more complicated 
procedures such as the injection of opaque oils into the bronchial 
tree or tlie introduction of air into the pleural space preceding the 
roentgen examination are sometimes necessarj Perhaps the most 
important single factor in the correct diagnosis in these cases is the 
ev idenee obtained bv bronchoscopy 
Lymphoblastoma Kodgkias Disease — In this disease the chest 
lesion is usuallj part of a generalized glandular process but it ma\ 
appear as the only demonstrable lesion In tvpical cases the roent 
gen examination will show a more or less sj-roroetrical enlargement 
of the hila and peritracheal glands on the films these are seen as 
dense lobulated masses extending outward into the lung fields from 
the mid shadow In atjTiical cases the lesion raaj appear as a single 
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dense mass lying close to the mid ^adow without tlie usual sharply- 
defined bonlers, or the process maj invade the lung substance, 
producing pneumonic like anas of consolidation In some cases a 
spread, apparentlj along the lymphatics, takes place, causing an 
appearance closeh resembling roiliarj tuberculosis Jn tliese atyp- 
ical cases the diagnosis usually depends upon the microscopic exam- 
ination of material obtained at biopsv or the response to radiation 
therapv 



flQ 183 —Metastatic carcmoma ol tlie lung Primary growth m the stomach 


Metastatic Tumors — Tliere ate three ways by which malignant 
tumors elsewhere in the body mav reach the lungs (1) by direct 
extension from neighbonng organs (2) by metastases along lymph 
channels and (3) through the blood stream The roentgen findings 
vary with the extent of the disease and the way in which it reaches 
the lungs 
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'\\'hen the msolveinent is b^ direct extension one of the pitural 
surfaces uill show an area of increased densitv and fluid appears 
earlj m the pleural space When the primar\ tumor is m the 
thoracic wall it can usualh be seen as an area of destruction m 
bone or as a poorlj defined area of increasetl densit\ in the soft 
tissues 

Sletastases. along hmph channels usualK appear first as an 
enlargement of the hila and peritracheal glands Gradualh as the 


Fto I&l — Metastst c care QoiDaoftbeluDga Extesa onubj way ortbelimphat cs 
(Infiltrat vv tjT* ) 

glands increase m size the process extends outwanl from the hila 
along the lung markings and nia\ reach the pleura WTien this 
occurs fluid will appear in the pleural space The outlines of the 
inNoUed glands and hanphatic channel are usualh quite sharp 
Tine beading appears along the lung markings and at times in tlic 
lung substance suggesting a miliata process Calcification does not 
occur and tbe process ma\ be either unilateral or bilateral 

When metastases occur throu^i the blood stream the\ appear 
m the lung field as round sharpl> defined areas of increasetl tlens- 
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ity ^\ljich are usually multiple (but may be &in{,le) mvolvmg both 
lungs Tbe^ do not break down to form cavities but may form 
spicules of new bone which may be mistaken for calcification 
There is considerable variation in the size of the lesions m different 
parts of the chest but they may be almost uniform m size and 
have miliarj like distnbution Tins form of disease is sometimes 
mistaken for mihary tuberculosis but in tuberculosis the lesions 
are usually smaller and less sharply defined 



Fig 185 — Metastat c mal gnant <1 sense of the luces Note the round sharply 
dehced areas of decs ty lA the lung helds 


Metastatic malignant disease of the lung usuallv presents a rather 
characteristic picture but at times its differentiation from other 
lesions is extremely difficult The presence of a malignant tumor 
elsewhere m the body may lead the examiner to a wrong instead of 
a correct diagnosis with the loss to the patient of the opportunity 
for cure offered bv the complete removal of the primary malignant 
tumor In general metastatic tumors of the lung differ from other 
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lesions producing a similar roentgenograpbic appearance, in that 
they show a steadj advance without remission and do not cause 
cavity formation, liemoptj sis or e\idence of bronchial stenosis. 

Syphilis.— There is a difference of opinion on the subject of lung 
sj'philis, but undoubted cases ha\e b^n reported. Sypliilis of the 
lungs is e\’idenced in three forms: 

1. In the first tj’pe, there is a general thickening of all the bron- 
chial markings, particularly touard the hilum, producing a fan- 
shaped shadow radiating outnard into the lung fields. 



Fto 1S6 — Stultiple echinococcus o'^ts of the luncs o. Closed cyst l> open cyst 
ruptured into a bronchus, e, open cyst ruptured into the lung structure 


2. The second type, probably presents one or more 

dense, discrete masses in the region of the hilum. 

3. The third type occurs as a diffuse shadow ^\hich obscures a 
part of or the entire lung field on one side, which ma> clear wholly 
or in part under proper treatment. In this type the lesion is prob- 
ably in the bronchus, and the picture is the result of bronchial 
stenosis. 

One characteristic feature of this disuse is that the lesions are 
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much more extensn c than the condition of the patient w ould indi- 
cate 

Echinococcus Cyst —Echinococcus cj&ts generally occur m the 
loiver part of the lung field Thej are usuallj unilateral, and single 
lesions, but may be bilateral or multiple The findings in the roent- 
genogram, or upon the fluoroscopic screen, vili depend upon the 



Fio 187 — Cjrilic risht luog 


Size and condition of the cjst as iiell as upon its position In this 
disease three distinct appearances have been observed 

1 Closed cjsts, which occur as dense circular or oval, sharplj 
defined areas of increased density within the lung field The dull 
area is of even density throughout, and the surrounding lung tis- 
sue 13 normal in appearance The respiratory movements of the 
diaphragm are affected only slightly, and the mediastinum is not 
invaded 

2 Open evsts, which may rupture into a bronchus, or into the 
surrounding lung In the former, the appearance is the same as m 
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closed c\sts except that the imohed area js of dimmished instead 
of increased densit\ and the picture suggests a large cantv ith 
sharply defined borders 

^\'ben rupture occurs nitbin the Jun^ structure the appearance 
resembles that of lung abscess The borders of the lesion are not 
sharply defined and the pleura mav be in\ oh cd producing a marked 
limitation of the respirator\ evcursion of the diaphragm on the 
affected side 



F(o 1S3 — Act DOQi>cos 3 Tb« appearance r«3eii)b)es BQ acute lalErct on nvol ng; 
the upper lobe o( the r ght lung l^e d agnosia waa made on the chron c t> of the 
p ooess and ita tendency to inTOIve the tborac e ivall 


Dermoid Cysts —Dermoid cjsts of the mediastinum ma\ extend 
into either lung field TIie> are alnaj-s connected with the metlia 
stinum usually ha\e a den<te wall and ma\ contain calcified material 
Congenital Cysts —Congenital c\sts are usually encountered in 
children The^ ma^ occur in ans portion of the lung and are par- 
ticularlj common in accessorj lobes Tlieir appearance is that of 
multiple small bubbles in the lung or large irregular cavities sug 
gesting a pneumothorax with adhesions Their presence mav not 
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be suspected until infection ile\elops and the picture then sujjgests 
bronchiectasis 

A single cyst maj be large enough to occupy an entire half of the 
thorax or even extend across the mtd Ime 
Actinomycosis —Actinomycosis generally occurs in the form of a 
lung abscess and its roentgenological appearance is not characteris- 
tic It runs a chronic course tilth continuous high fever As the 
disease progresses the chest V. ill may liecouie invuUed rdtn taken 



Fig 1S9 — Pulmonary Infarct Tb® les on s at the right base Not ce the round 
inner marg n and the fact that one surface reaches the tileura 


at this time may show a soft tissue mass a sinus tract or destruction 
of part of a nb This extension of a pulmonary process outvard 
through the chest wall rarely occurs m any other lesion 
Psittacosis —The characteristic findmgs m this disease are small 
round spots of pneumonic infiltration which usually appear first m 
the left lower lobe \\ ithin a few days the process spreads to the 
opposite side and then is indistinguishable from the usual picture 
of a pneumonia 
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Silicosis (Pneumonocomosis) —The usual chronic form of this 
disease begins w ith a deposit of dust in the limphatic s> stem of the 
lungs producing an enlargement and merea'sed densits of both hilar 
regions Later on there is a slight hariness of the lung about tlic 
hilum associated Mith a general increase m the bronchial markings 
due to congestion and fibrosis about the Iinipbatics There is no 
m^ol\ement of the lung parencluma at this stage of the disease. 


Fio 190 — Silirosia Film thovipg pUque-tiLe anaa of density as wHl as the rhar 
artenstie motflmg of f h ^ diM tw 

which mat last for seteral jears l^itb continued exjwsure, the 
second stage de\ elops in which fibrous nodules, 1 to 5 mm m diam- 
eter, appear in the parenchjma of the lung, usualh <ofnenhat 
s\Tnmetricailj distributed These nodules increase m size and 
form confluent ina';se> which ma\ he quite large The apices and 
bases arc iisualK spared but not ncces«arih so In tlie third -^tagt 
there is a contimietl increase m th« notliilar ma'^es and pleural 
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thjckening due to fibrosis about the subpJeiiral JjTuph'itics The 
final picture is either that of cardiac failure (due to interference with 
the pulmonarj circulation), or the de\clopment of tuberculosis 
In the latter case there maj be considerable confusion in the diag- 
nosis If there have been no previous films of the patient’s chest, it 
may be verj difiicult, after a frank tuberculosis with cavitation has 
developed in such an individual, to determine how much of the pic- 
ture IS fibrous tuberculosis and how much is a preexisting silicosis 

The course of the disease vanes w ith the amount of exposure and 
the cbemical composition of the dust. Jn the acute form found in 
n orkers in abrasn e soap factories, the disease may be fatal in a fen 
months The earlier changes described abo\ e are not seen and a 
massive involvement of both lungs occurs \erj earlv The disease 
runs a more rapid course m the presence of active tuberculosis or 
sj plulis 

Radiation Fibrosis —Following massive doses of heavilj filtered 
radiation to the chest wall a fibrosis and partial atelectasis may 
develop in the irradiate<l area of the lung It appears about six 
or eight weeks after tlie treatment and is accompanied a severe 
drv , hacking cough and marked shortness of breath 

Postoperative Pulmonary Complications arc (1) pneumonia, (2) 
abscess (3) massive collapse and (4) infarcts 

Both pneumonia and abscess have been desenbed, and therefore 
will not be further discussed 

Massive collapse or atelectasis is probabl> due to several causes, 
among w hich are partial or complete inhibition of the diaphragm, 
and the accumulation of secretion m the bronchi The lesion is 
observed after trauma to the chest or abdomen, and following 
abdominal operations 

It ma> be limited to a single lobe or involve several lobes on the 
same or both sides ^Mien the shadow is unilateral there is a 
sharplj defined dulness corresponding to the area of one or more 
Jobes, a high fixed diaphragm on (he affected side, a displacement 
of the heart and mediastinal contents to the affected side and a 
TiiiTrcrwffrg tfi •KA-wx.tfiiV'jA •sy/att VfViCTi WlVi Voww tot 
involved the diaphragm is high oo both sides The heart and 
mediastinum are not displaced and narrowing of the intercostal 
spaces IS not apparent Usuallj there is a soft mottled dulness 
in the lower portions of both lungs and «i the hilar regions, which 
IS often mistaken for bronchopneumonia The condition may 
clear in a daj or so or mav become chronic The treatment con- 
sists of postural drainage or bronchoscopy for the removal of 
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obstructing secretion. As soon as the obstruction is relic\ed, the 
lung rapidly expands to the normal size If it is not relie\ed, 
pneumonia followed bj abscess formation is not uncommon, or 
the in\ol\ed area inaj remain pcrmanentlj collapsed 

Certain shado^^s •'leen at the right border of the heart belT^cen 
the fourth rib and the diaphragm, in the antero-postenor Men, 



Fio 101 — * Mftssire coUape«*' «f tba lung Tbe process inroUes tbe rigbt lower 
lobe 


represent collapsed right middle lobes. Hie lateral \ iew is necessarj' 
to make the diagnosis These shadons are triangular, o\al or rect- 
angular. The\ he in the anterior part of the chc«t, extending for* 
nard from the lung root Care must be taken not to confute the«e 
shadows with an interlobar collection of fluid After collapse the 
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size shape and position of the middle lobe are determined b\ the 
amount of empln sema in the adjoining lobes and the presence of 
pleural adhesions about it 

Infarcts — Pulmonar\ infarcts are a rather common postoperative 
complication but mav result from other causes thej are frequently 
overlooked or mistaken for other lesions There is usuallv a time 
interval between the appearance of svmptoms and the demonstra 
tion of the lesion in some cases the demonstrable lesion appears 
and disappears in a few hours or davs Several films are often 
necessarj and lateral as well as anteroposterior views should he 
taken if possible \\1ien seen on the films or screen the lesion 



1 1 C 19’’ — CclUpsfrd to ddle Job« lb h gh po> t on wu due to pleural adbes uni 

a{ pears as single or multiple areas of dulness irregular in shape 
and of variable densitv their margins are sharplv defined and at 
least one surface is m contact with the pleura Thej varv greativ 
in size and one or both lungs mav be involved Wien the lesion 
IS large films taken at the end of expiration maj show «ome Iimita 
tion of respiratorv excursion on the affected side Physical signs are 
often absent and the diagnosis is usuallv made from the historj of 
the case and the roentgen examination 

The Pleura —The normal pleura casts no appreciable shadow, 
and IS therefore not visible on the film or screen ^Mien diseased 
it maj prevent complete expansion of the lung over the involved 
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and the costo-phrenic sinus ma> be obfiterated A thin, curved, 
vhite line extending across the right chest, with its con\exit% 
upward is seen occasionally as the end-result of an interlobar 
pleurisy Adhesions, when sisible, appear as strands of increased 
densitv 

There has been considerable discussion regarding the significance 
of thin annular shadows in xanous portions of the lung field, which 



Fi<3 195 — FleuriS} witheflUBonattheleribaBe Note tKe poBitionof theihadow !□ 
the axillary border aod the disphcement of the heart to the right 


suggest cat itx formation There is no doubt that some of these 
re/xresent local pleural thichenmg Stereoscopic and lateral films 
w ill help m differentiating them from ca\ ities 

Pleural Exudate —Fluid in the pleural space generally produces 
a shadow of extreme density at the base, which obscures the ribs 
and diaphragm Ihe superior margin of this shadow curses up- 
ward toward the chest wall in the axilla, unless pneumothorax is 
present, in which exent it will show a fluid lex el that changes with 
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change jn the position of tl e patient In tl e prone position the 
shadow IS uniform tliroughout the chest resembling eonsolidi 
tion If the effusion is extensne there is usinlK a displacement 
of the heart and great \essels Ihe apt\ of the lung is generalh 
clear At times fluid ma\ appear as a zone of increi«ed denslt^ 
about the periphery of the entire lung 
Encapsulated Fluid —Encapsulated fluid produces a sliarph de- 
fined shadow m contact with the pleura It is most often «een at 



F«o 19C — Lateral nen'oranonnaHunc Tbcahadow fr-<cmbl ng a collaps«l tn dclle 

lobe 19 due to the o erlapp ug of a b gh ngbt d ^phragra ani the heart shadow 

the base along tlie axilinrj border or between the lobes \Mien 
the collection of fluid is between the lung and the diaphragm it maj 
simulate subdiaphragmatic n! sccss Tl ere nia> be more than one 
collection of fluid or a single collection ma\ I e tin i letl into one 
or more pockets Thc^t pockets uia\ i ot btconie a i«ible until after 
an attempt is made at drainage 

The roentgen evamiimtion m tl ca cs •■liould alwa\s include 
localization under fluoroscopit olM.r\atioii and postero-antt nor 
and lateral films It is of consi lenbli mijiortnnce to the surgeon 




2G0 


THE CHEST 


that the lowest point of the pocket be located. In order to obtain 
this point the patient should be placed on his side, with the area to 
be examined uppermost and the hips slightly elevated which will 
permit any air which may be present in the pocket to outline the 
low'est point. In this way, the relation of the floor of the pocket to 
the chest w all can be demonstrated. 

There is no difference m the density of the shadow cast by an 



Fid 197 — Encapaulated empjrnia The process is between the lower and middle 
lobes, as indicated by the arrows 


exudate or effusion and that cast by pus TJie sliape and position 
of the shadow , how e\ er, may he of consitferahfe aicf m the rfiagnosfs 
Simple fluids are rarelj encapsulated, and, for this reason, are 
seen in the most dependent portions of the chest, usually the costo- 
phrenic angles, from which they extend upward and inward, the 
axillary border alw’ajs remammg the highest point and the upper 
border maintaining its ciirted form An empyema may form in 
tfie same manner, but as it is frequently encapsulated the curve of 
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the upper margin may lie absent. In diiTerentiating bet\seen lobar 
and interlobar shadows, films made with a high tube position, so 
that the inendent rays enter the patient’s upper back at an angle 
of 30 degrees from the horizontal, may be useful. 

Pneumothorax.— Pneumothorax is characterized by the presence 
of an area of greatly increased radiability in the periphery of the 
lung field in which the lung markings are absent. Its borders are 
sharply defined, and consist of the walls of the chest ca\ity and 
the margins of the compressed lung. 



Pto lOS — Extcositc calrificstion mvtrivtog the pleuri on the nght siJe 


Wien the pneumotliorax is complete, and no adhesions are 
present, the lung collapses and appears its a lobulated ma<is at 
the hilum, in which, as a rule, only a suggestion of lung markings 
can be seen. In the presence of pleural adhesions the collapse is 
incomplete. The shadow of the pneumothorax mat Ite ditided 
by bands giting it a sacculated appearance, or the area of pneumo- 
thorax and lung tissue may oxerlap each other. A small, localized 
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pneumathar&x appears as an area of samenhat increased radiaif)i/i£j 
overlaid by normal lung markings, and is difficult to detect unless 
observed in profile Large etnpbjscmatotis blebs must not be mis- 
taken for localized pneumothorax 
Tilms taken at the end of the expiraton phise are necessary to 
demonstrate a pnetimotbomx in some cases and are alw s desirable 



Frc 1P9 — PceuiDotl orax « th partial collapse of the right luag ^ote the absence 
of lung markings and tl e increased radiability at the periphery 


Calciflcatioiis frequentlj appear m the pleura in the form of 
ragged, dense placiues or lines Thej may occur in any part of 
the lung field, but are seen most frequently along the axillary 
border, pr in the region of the loner lobes The respiratory move- 
ments of the diaphragm on the affected side are usually limited, 
and the position of the diaphragm may be high This condition 
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must not be confused miUj calcification of tbe costa! cartilages 
^hich IS of no significance 

Malignant disease of the pleura prod iccs. o si adow m Inch suggests 
a small effusion or greatK thickened pleura and the diagiu is can 
seldom be made from the roentgenological evidence alone It i 
usuallv accompanicil bj an cITusion ! mlothclioiin of the pleura 
appears first as a localized thickening of the pleura usuallv m the 
upper portion of the chest and slowlv involves the entire pleura 



Fio "00 — Ilydropneumotboras (patient d the ui>r sht poe t oa) The flu d le -el 
u vrell ehoirn at about the m ddle of the left cl est 


on the affectcel side \ characteristic finding is a retraction of the 
ribs over the growth 

riuid in the plcunl space or disei^ of tl e pleura nnv lie c( n 
fu-'cd with a lathological process in the lung structure This is 
e'=;peciallv true if the examii atioii is made in onb oi c iwsition but 
if the patient is rotated during the Huoro copic ob'Crvation and 
lateral films art obtained the true location of the process can 
gencrallv be demonstrated 
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THE GASTRO-INrrsniNAI IIIACT 

Technic — An adequate examination of the gastro intestinal tract 
should include both a fluoroscopic obsenatioii and a senes of 
films The fluoroscopic observation reveals information relating to 
mobility and function which cannot be obtained from the films 
alone whereas the films present detail of structure which maj be 
overlooked on the screen These combmeil methods are therefore 
complementary 

The xalue of fluoroscopy dcjitn U ui>on the skill and experience 
of the examiner and it 13 olnious tint he should be well trained 
The secret of success in this work is thoroughness which is more 
essential in this particular examination than in any other field of 
roentgenology Examinations should frequenth bt repeated and 
the patient adequately studnil I eforc an opinion is rendered A 
brief knowledge of the clinical liistorv 13 essential and this should 
be obtained before the roentgen examination 
Special care should be used m selecting tlie barium sulphate 
The preparation sold by the large drug houses for internal use is 
free from all impurities and absoIuteU harmless The commercial 
product on the other hand ma\ contain poisonous impurities 
For a study of the esophagus and the upper gastro intestinal 
tract the patient should report in the morning haxing talen no 
food or liquid since the previous evening meal The patient is 
placed in position for the fluoroscopic examination and gnen a 
swallow of a fairly thick barium mixture Its progress is watched 
through the esophagus and stomach Another swallow of barium 
IS gi\ en and the stomach and duodenum are carefully palpated to 
outline the pattern of the mucosa This study of the mucosa may 
be conducted with the patient upright or better in both the upright 
and prone positions \ ariations from the normal are noted and 
recorded on spot films 1 be patient then drinks the remainder of 
an 8-ounce meal which outlines the entire stomach and duodenum 
Before the study is concludciJ the second and third portions of the 
duodenum are carefully obser\ed and large films are made for record 
purposes in the prone position The patient returns in six hours 
for an examination of the ileocecal region In some clinics a double 
meal is emplo%ed The patient takes a standard barium meal 
(2G0) 
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vith a carboh\ (Irate breakfast and reports for cviuimation si\ 
hours hter, ln\ mg taken no food m the mter\ a! \t this eaamiua- 
tion the upper abdomen is inspected for the prcsen(?e of a residue 
m the stomach duodenum or upper intestinal tract and tlie ileocecal 
region carefulh studied A second meal is gi\ cn and the «ame pro- 
cedure carried out as svith the single meal 

In some cases it ma\ be desirable to follow the passage of the 
barium meal through the small bowel in which case hourU cxamina 
tioris are usnalh nccessarj The patient is seen again at twenf\ 
four hours after the first meal for a studi of the colon noting its 
position tone mobilitx andmotihtv To complete the examination 
the patient should return for an opaque enema after catharsis If 
the histon suggests that there is a lesion in the colon the method 
of examination ma\ be rexersed and the enema given first The 
barium enema should be given under fluoroscopic observation with 
the patient prone 'lo that the sigmoid loop falls forward and is 
flattened against the anterior abdominal wall Ilv this maneuver 
small lesions in the sigmoid mav be visualized which would be 
obscured bv the superimposed shadows of sigmoid and rectum if 
the patient were supine 

The enema should be given slovvlv to permit detailed studv of the 
filling of the bow el \\ hen the enema has reached the upper ^ig 
mold the patient should be turned on his hack and the entire colon 
palpated as it fills to bring out the mucosal pattern and to determine 
the presence or absence of fixation or points of tenderness Spot 
films mav be taken of anv unusual findings J'he patient should be 
rotated slightlv both to the right and left to uncover the loops of 
intestine in the pelv is and at the flexures hen the colon is coin 
plctelv filled large films are made covering the entire colon The 
patient evacuates the enema after which the flvioro copic examina 
tion is repeated and another large film made 

THE ESOPHAGUS 

The esophagus is well outlined bv the ordinarv fanum raeaf 
For more detailed observation particularlv m cases of suspected 
new growth a thick mixture of banum sulphate is more valuable 

In the right oblique diameter the normal esophagus can be seen 
clearlv throughout its course It presents an indentation on the 
anterior border at the lev el of the arch of the aorta a second 'light 
indentation due to the left bronchus and then curves backward 
behmd tlie heart, to enter the stomach In its lower course it is an 



2GS 


TUF GA'iTliO INTESTINAL TR ICT 


excellent guide to the outline and position of the posterior wall of 
the heart It is smooth in outline, and the opaque mass passes 
readilj through it with onlj a momentary pause at the aortic arch, 
and a slight delaj at the cardia Regurgitation of the meal through 
the cardia w ith the patient prone or supine maj occur under normal 
conditions, but it is more frequent in gall bladder disease and in 
carcinoma of the stomach 

The normal esophagus rarely diows peristalsis When present 
it IS usually indefinite and broken With obstruction from any 
cause, howexer, waxes of xarying depth maj be observed m the 
esophagus above the obstniction In adxanced cases it maj he 
reversed 

Changes m Ponlion —The esophagus maj be displaced bj (1) 
mediastinal tumors, (2) aneurysms (3) elTusion (4) fibrosis of the 
lung, (5) diseases of the spine (6) dexelopmental anomalies The 
displacement is almost mxanahlj due to extrinsic causes Lesions 
within the esophagus rareli cause displacement although thej may 
produce marked dilatation and tortuosity The position of the 
esophagus may be of considerable value m determining the location 
of a mediastinal tumor 

Changes %n Oulhne —The outline of the normal esophagus is 
smooth Irregularities m outline are generallv due to curling, 
tumors xarices spasm or adhesions 

Annular deformities are due to carcinoma or stricture Smooth, 
rounded depressions m outline result from the pressure of extrinsic 
tumors or adjacent organs Multiple irregularities and constrictions 
are generally caused by the ulceration and scar tissue formation 
due to the swallowing of corrosive substances Congenital atresias 
are encountered m infants, where one end of the esophagus usually 
connects with the trachea or bronchus 

A projection of the barium shadow beyond the normal outline 
of the esophagus is present in dixerticula and fistuls Ulcers do 
occur as a rare finding m the lower esophagus but they seldom show 
a crater projecting bexond the lumen 

Changes m Size — T’iie normal esopliagus x aries considerably in 
size during an observation The walls are flexible and dilate in 
proportion to the size of the bolus passing tlirough it Dilatation 
of varying degree occurs above obstructions As a general rule, 
the lower the obstruction and the longer the duration, the greater 
will be the dilatation There is a varying amount of dilatation in 
the aged 
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Congenital Anomalies —The esophagus ma\ be absent or par- 
tially or completely double. There may be a stenosis in the lo\\er 
portion. Fistul® maj ocair into the trachea w ith either end of the 
esophagus ending in a blind poudi. When anomalies of the aorta 
are present the upper esophagus maj lie anterior to the arch of the 
aorta or be dbplaced either to the right or left. 



Fio 201 — Di\ertica!a ot the nophaKtu Xote that the barium m'us liea to tho aids 
and epiIU o\er into the eaophagua at the point indiented )>> the orrow 

Curling. — A wa\y, scalloped outline of the csoph.^gu^ is sometimes 
seen in patients past middle life It is of no cllnic.sl importance, 
but luaj lie mistaken for other IcMons 'Ibe roentgen picture is 
rather cliamttcristie. The imohement is general, there is no cti- 
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tlence of obstruction and no rigidity of the walls or change m the 
mucosal pattern 

Adhesions when thej invoKe the esophagus cause local fixations 
displacements or pouch like deformities the so called traction div er 
ticula In certain conditions due to vitamin deficiency or malnutri 
tion multiple small erosions may appear in the esophageal mucosa 
and ma> be followed bv thin veil like bands crossing the lumen of 
the esophagus Thej usually occur in the upper third of the tube 
and can be demonstrated on the fluoroscopic screen 

Diverticula —Dnerticula maj appear in any portion of the 
esophagus but most commonly in the uppennd lower ends They 
appear as rounded pouches which overflow^ into the esophagus 
It maj be neces'arv to \ lew the patient from sev eral angles to bring 
this opening into profile The pockets remain partially filled after 
the remainder of the meal has passed on A liquid meal is prefer- 
able as solid masses maj not enter them 

Fistulas —In rare cases the meal ma\ be seen to enter a descend 
mg bronchus through a broncho-esophageal fistula resulting from 
an ulceratne process imolvmg the bronchus and the esophagus 
Such ulcerations are usuallj due to carcinoma but maj be due to 
other causes 

Cardiospasm —The esophagus maj be greatlj dilated in eardio 
spasm A glass of hot water will sometimes relax the spasm and 
permit part or all of the meal to enter the stomach There is no 
apparent irregularitj of outline and the shadow ends at the cardia 
in a smooth funnel shape^l mass Peristalsis becomes xasible and 
it ma% be deep irregular or at times re\er<sed The dilatation of 
the esophagus occurring as a result of cardiospasm may cause the 
margin of the esophagus to extend into the lung field on the right 
side In these cases there maj be a de!a\ of the meal abo\e the 
cardia for hours or daj s 

Tumors of the cardia of suffiaent extent to cause obstruction 
can generallj be recognized by irregularities in the outline of the 
barium mass in the lower esopliagus or stomach Thej do not 
produce the extreme dilatation of cardiospasm 

Vances Esophageal a ances usuallj occur as the result of obstruc- 
tion m the portal sjstera but maj be the onlj lesion demonstrable 
They are best seen with the patient in the supine position after 
swallowing a small amount of a viscous mixture Tlie normal 
mucosal pattern is replaced I j tortuous worm like bands of dimm 
isheddensitj running longitudmallj which are usuallj most marked 
m the lower thuxl of the esophagus Thej ma\ \arj in size with 
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changes m the intrathoracic pressure The\ do not show pnhation 
except as it is transmitted from the aorta The esophagus tna\ be 
somewhat dilated and there is usualK some dela\ m the passage 
of the barium mixture through it T!ic walls of the esophagus 
howe\er, remain flexible an important point in the dilTercntiation 
of this lesion from tumors of the wall Demonstration of these 
lesions IS important for the\ are a frequent cause of hemorrhage 
and their presence mat load to the diagnosis of an unsu>pectcd 
cirrhosis of the h\ cr 



Fio *>02 —Card o*pnsm >ote tbe «xtens on of the esophagy* to the riebt, and the 
ecaoiTth roand botdvrs ol uat eheidow 

Bemgn Stneture —Constrictions of the esophagus of non malig 
nant origin are comparatitclj rare lliet mat occur in ant part of 
the esophagus but are obserted asarule in the middle and lower 
thirds Tiiet are frequentK multiple and there isgcnerallj a raarketl 
dilatation abote the point of constriction Their outline is smooth 
and frequenth cone-shapetl with the opening at the apex of the 
cone The esophagus directlt below Uie stneture is normal in 
size and contour Peristalsis is usuallt etadent abote the con- 
striction 
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Constrictions may be difTerentiated from spasm by their con 
stancy from diverticula bj the fact that the opening is at the 
lowest point instead of at the side and from carcinoma by their 
smooth outline degree of dilatation and the fact that they are so 
frequently multiple 

Tumors of the Esophagus Carcinoma is the most common lesion 
occurring m the esophagus Like carcinoma elsewhere it is a dis 
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ease of late adult life and the onset is insidious The earliest evi 
dence of its presence is local spasm or deformitj of the mucosal 
pattern When ulceration has occurred the findings become charac 
teristio and can generally be demonstrated bj either the liquid 
or the semi solid meal Care should be taken to have the esoph 
dgus clear of all solid particles as tl e> maj simulate the mottled 
shadow of carcinoma The common locat oi is in the m I He third 
or lower end but the lesion may appear at any point 
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In the tspical well de\ doped lesion the outline of tlic e^opha/nis 
presents a constant annular mottled defomntx of aarjinj,’ ivtent 
w ith ragged edges There is little if am, dilatation of the t )ph 
agus abo\e and the lesion is alwaas single Peristalsis nia\ he 
MSible but it IS less hkeh to be obser\ed in the malignant le ions 
than in the benign ta^e The patient ma\ complain of pain tiunng 


Flo “>01 —Carcinoma of the esophagus Note the eharactcnatic ann lar ragac 1 
tnoltled «hadow 

the e'camination and mat ha\t coiisidtrahU ihflunUv in ritamiug 
the mLxtiirc t\ithm the e'Ophagii'i especialh if the lesion i-> high. 

In cirl\ cases the changts are slight and art eisil\ ottrlofikcil 
Cartful stinU of the mucosal rtlttf and the flcciluUtt of the "all 
Rilhisuallt s!io" defonnitt of foWa and ‘rtiffcning Jattr tht raggoJ 
crater of an ulcer or the protrusion of a small rounilcd mass into tht 
IS 
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lumen is seen A rare t> pe of carcinoma causing extensu e infiltra 
tioQ of the walls of the esophagus without destruction of the mucosa 
may be mistaken for esophageal vances Vances do not cause 
rigidity of the all carcinoma does 

Tumors other than carcinoma of tlie esophagus are rare but 
leiomyomata lymphoma and myxomata have been reported It 
should not he forgotten that benign peptic ulcer sometimes involves 
the lower end of the esophagus and maybe mistaken for a malignant 
lesion 

Esophageal spasm is a frequent cause of mistakes in diagnosis 
and should he ruled out by repeated examination 

THE STOMACH 

The normal stomach hangs more or less centrally in the ahdom 
inal cavity with the lesser curvature at a variable distance above 
the level of the ihac crests 

The shape and position of the stomacli are determined by (1) 
the habitus of the individual (2) the tone of the gastric wall (3) 
the tension of tlie abdominal muscles (4) the pressure of adjacent 
organs and (5) the amount of the barium meal administered 

Thin individuals with a narrow costal arch have long central 
stomachs which hang low in the pelvis In broad fat mdividuals 
with a wide costal arch and in individuals of strong muscular 
development the stomach is high and transverse In asthenic 
states the stomach is low and owing to the lack of tone the 
meal settles in the lower pole causing the walls of the body to 
collapse In the prone position the stomach swings up under the 
liver lying more transversely than when m the upright position 
When the stomach IS empty its walls are in apposition exceptwhere 
It 13 dilated by the gas bubble As the stomach fills the meal 
collects in a funnel shaped mass below the gas bubble and gradu 
ally distends the body and antrum In atonic stomachs the meal 
passes rapidly to the loner pole which enlarges out of proportion 
to the bodv Some individuals have a large posterior extension of 
the cardiacpouch which retainsa fluid level of its own in the upright 
position 

The outline is smooth except for indentations due to peristalsis 
and for a variable amount of irregularity on the greater curvature 
due to folds in the mucous membrane and pressure from tlie colon 
and spleen Small transient indentations occur on the margins of 
the antrum near the pylorus The nigie show through the barium 
mass whenever the walls are approximated With the first swallow 
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of banum the rug® belo^ the gas bubble are ^ isualizcfl and next 
those m the bod\ and p\lonc end of the stomach The barium is 
eas3l\ spread o^e^ both walls b\ palpation and ordinarih a small 
amount squeezes through the p\loni3 to outline the foils in the 
first portion of the duodenum Rug® represent folds of mucosa and 
submuco'^i Changes m either one mil produce altentions in the 
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relief pattern lhe\ \ar\ m size an 1 distribution being in general 
parallel to the long axis along the lesser cur\ature an 1 on the ante- 
rior wall more tortuous on the greater curvature and postenor wall 
\t times it n TV 1 e impossible to demonstrate them m the antrum 
T1 e\ niav lie mtrcascil in size m g^stnt^^ an 1 Ivmj I omatnsis 
Diminution in «izc is of no significance Tiitv art lotallv absent in 
the area of tumors In tl eregionofchromculctrs fJ et aredistorted 
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uith a tendency to produce stellate patterns due to scar tissue 
formation 

Normal peristalsis begins at about the middle of the lesser 
curvature, v,ith a corresponding shallow depression on the greater 
curvature The ua’iea tra\d tonard the pylorus uithout inter- 
ruption They become progressi\ely deeper as they pass fomard, 
and may bisect the barium at the upper limits of the antrum 



Flo 206 — Gaalric ulcer The ulcer ta taiber high on the leaser curvature as indi 
cated b> the arrow It is not well ebown in the film taken in the routine manner 

If the pylorus opens, the antrum contracts and forces its contents 
into the duodenum If the antrum does not contract, the ua^e3 
mo^e to the pjlorus Peristaltic ua%es occur at iritenals of about 
twenty seconds, ^ai-^ting with the patient and the hind of meal 
admimstered Ordmarilj no more than two or three waves are 
visible on a stomach at the same time The^ are affected stronglj 
by mental states, being increased by anger and inhibited by fear 
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and nau'^a Tlie\ are aKo mcmscci in number and depth witJi 
the patient m the prone position 
Changes in Size — The stomach M's inert aseil m “size when dilatation 
has occurred as a result of p\ lone ol^stniction and in all conditions 
where there is a general loss of muscular tone It i-> diminiahed m 
size as the result of (I) increase in tout, and muscular h% 7 )ertroph\ 
(2) spasm either local or reflex and 0) intoKeincnt of the wall b\ 
ulcer, carcinoma adhesions or sa^phtlis anil b\ tumors in the head of 
the pancreas 



Changes in Position —The stoinath is di^plactal upw art! and to the 
right (1) when there are adhesions resulting from gall bladder dis- 
ease (2) accumulation of a large amount of gas in the '•picnic flexure 
and (3) tumors in the left »pi>er quadrant In 'omeca'w of appen 
diccal disease or adhe-ions the lower |>olc i*! swaing o\tr toward 
the right ihac fossa The stomach nia\ !«, displacetl and rotattal 
upward on its long axis m ca'^cs of odhcMOiis to the anterior alxlom- 
inal wall General gi'ccus di tention of the intestine or fluid in 
the peritoneal ca\it\, crowds the stomach upw an! against the lutr 
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Displacement of the stomach downward (ptosis) is of no impor 
tance unless accompamed b\ definite clinical e^^dence of abnormal 
function The stomach ma\ be displaced downward and to the left 
b% enlai^ement of the h\ er or tumors in the right upper quadrant 
In p\Ioric obstruction when dilatation has occurred, the stomach 
shadow often appears farther to the right than normal but this is 
due to the dilatation of the antrum and is not, therefore, a true 
displacement of the entire stomach times the cardiac end of the 
stomach is found abo\e the diaphragm as the result of a congenital 
or traumatic hernia It is usualK best seen with the patient supine 



Flo ‘*03 The same case (as sbore) A spot Rim sbowisg the ulcer enlace Note 
the mucosal folds radiating from the nicer crater 

Changes m Outline — Changes in the outlme of the stomach occur 
as the result of (1) spasm, (2) gastric lesions (3) defects due to ex- 
trinsic causes such as pressure from tumors and (4) solid materials 
m the stomach, such as food masses, foreign bodies hair balls, etc 
1 Changes in ihe Outline of ike Siomach due to Spasm —Localized 
spasm produces narrow contractions whidi mat be near the p% lorus 
or m the upper portion of the bodx of the stomach at which point 
the greater cun ature is drawn in toward the lesser o\ er a space of a 
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few millimeters Ihese «pasnis raa\ be rtflex, or due to the irrita- 
tion of a small ulcer or ne^ gitmth at this le\cl Spasm m some 
cases mav be extensn e, obhteratiag the entire antrum, for example 
Like the localized spasm, it maj be entirelj rcfle’c or due to an 
associated lesion of the stomach wall 

The differentiation of spasm of intrinsic from tint of eTtrinsje 
origin 13 often most difficult Spasm of extrinsic origin is genenlK 
transitory , so that repeated examinations vnll often settle the ques- 
tion Antispasinodics, such as belladonna and papas erm mas be 
employed, but the results ■will not be conclusise, owing to the fait 
that at times they will relax the spasm associated with a lesion of 
the w all as readily as that due to extrinsic causes The demonstra- 
tion of normal mucosa in the affectwl region is strong c\identi 
against an intrinsic lesion 

2 Changes tn (he Outline of the Stomach Due to Intrinsic Causes — 
Intrinsic lesions in\ oh mg the gastric wall produce \ ar\ mg deformi- 
ties in the outline of the hariiim mass as ucll as changes in tlic 
peristaltic waxes, the muco«al pattern and the cnipt\ing time of 
the stomach Tlie appearance of the deformities will depend upon 
the txpe, extent an<l location of the lesion Infiltration of the wall 
from any cause produces a smooth rigul, eontraition which max 
inxade a small area or the entire gastric wall, deep ulcerations pro 
duce more or less irregular c\ hndneal shaped projections of tin 
barium shadow when seen m profile or localized areas of inercascil 
density when seen enface Mosses arising fnun the gistne wall 
and protruding into tlie lumen of the stomach can've irregular or 
lobulated defects m outline when seen in profile, enface they appear 
as more or Jess sJiarply defined areas of dimmished densitx \Mjen 
the lesion completely surrounds the lumen or is accompanied h\ 
spasm, annular deformities appear, or tiie stomach max Iiaxe an 
“hour-glass” appearance Wien this txpe of lesion mxoKis the 
anterior portion of the stomach the appearance max be that of an 
inxerted cone "Malignant lesions tend to produce large defects 
with fobuTated or irrcgufar matins, benign fesions are usuaffx less 
extensix e and their margins are less irregular, but at times the tw o 
are indistinguisbablt 

3 Changes tn the Outline of the Stomach Due to Fxtnnsie Causes — 
"niere are defects in the outline of the stomach due to extrinsic 
causes, such ns pressure from adjacent organs or tumors, as, for 
example, an enlarged gall-bladder which may produce a rounded 
depression in the region of the pylorus, or pancreatic tumors 
which max cause an irregularity of Uie greater or lesser curxature 
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These defects in outline ire not constant in ill positions of the 
patient An enlarged liver may cause i defect in the antrum by 
pressing it against the spine In films obtained with the patient 
in the prone position tlie pressure of the spine agiinst the anterior 
will produces a break in the barium shadow Thin individuals 
often show an indentation on the greater curvature due to pressure 
from the left costal cartilages 

Perigastric adhesions particularly in the region of the pyloric end 
of the stomach maj produce ragged defects in outline suggestive 
of carcinoma but as a rule they are not constant in all positions 

4 Changes tn the Outline of the Stomach Due to Solid Materials 
tn the Stomach — Anj solid material in the stomach such as food 
masses foreign bodies hair balls and the like may cause defects in 
the barium mass which reseml le tumors IIo^^e\er these iiregu 
larities shift with change m the position of the patient and there 
IS no interference w ith peristalsis 

Papillomata produce irregularities of outline similar to those 
caused by large foreign bodies but m papillomata there is httle 
displacement of the defects with change in tlie position of the 
patient and they arc constant upon repeat^ examinations Fen 
stalsis IS not interfered with 

Changes in Fenstalsis —Increase m the depth and speed of pen 
stalticwavesmaj be due to reflex causes oritma> be compensatory 
to a diseased pylorus 

In the early stages of pyloric obstruction the wa\es are deep and 
vigorous Tbej may dnide the stomach into segments giving it 
the appearance of a row of balls In this condition the waves 
also begin higher and the number of waxes visible at one time are 
increased 

Peristaltic waxes maj be absent in (1) achylia (2) px lone steii 
osis after extreme dilatation has occurred (3) infiltration of the 
gastric wall or (4) nausea fear and famtness Wien the stomacii is 
greatly dilated secondary to pyloric stenosis periods of exaggerated 
peristalsis alternate with complete cessation of activity 

Feristaftic xxaxes become irregufar when they encounter banifs 
of adhesions or areas of infiltration in the gastric xxall In certain 
functional diseases also they are irregular leristaltic waxes may 
be reversed in pxlonc obstruction during vomiting and m gastric 
crises of tabes 

Motility —In an adult the empty mg tune of the normal stomach 
vanes from three to slx hours depending upon its tone and func 
tional activity and the amount and composition of the meal In 
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children tip to si\ j ears of ape the cmptt mg-time ts about half tliat 
of the adult and the same is true of their intestinal niotilitj Rapid 
emptvingof the stomach in an adult suggests (1) achtlia, (2) earlj 
duodenal ulcer, or (3) an incompetent p\fonis 

If there is a definite residue (one-fourth of tlie meal) he\ond the 
sK-hour period, and the patient has taken no food in the interim, 
the conditions to be considered are (1) a lesion w ithm the stomach, 
(2) a spasm of the Jorus from extrinsic causes, such as duodenal 
ulcer, disease of the appcndnc or gill bladder In «ome instances 
delas ma> be caused b\ acute illness general aton\ of tbe gastro- 
intestinal tract, the action of drugs such ns morphine and mental 
state 

DISEASES OF THE STOMACH 

Caremoma —The onset of carcinoma is insidious and usualK the 
disease is v, ell estahlishe<l u hen the patient appears for examination 

The characteristic findings arc (1) irregularities of outline, (2) 
alterations m the mucosa! pattern (3) sluggish irregular, res ersed 
or absent peristalsis, (-1) esophageal or gastric stasis, (5) carh 
gastric einptjmg, and (0) loss of flcxibilitv of the stomach ssall 
The appearance \anes considerablv lioth xMth the tspc of grouth 
and Vrith its location 

Carcinoma of the cardia is often difficult to xisuahze In these 
cases, it IS nell to obserac the first mouOiftils of barium entering 
the stomach It mil be seen that the jet is irregular instead of 
smooth, and there ma> be delaj at the cardia There mil also be 
rigiditj and deformitj of the fundus, which docs not change upon 
deep inspiration and a tumor mass max be seen projecting into 
the gas bubble This obscrxation should be made with the patient 
King on his back 

Large growths in the bodj and antrum of tlie stomach are gener- 
ally characteristic Tliere is a ragged, annular defect which is con- 
stant at all times and in all positions. If the tumor is palpable, it 
coincides with the defect I'enstaUis is ab-^nt in the region of 
the growth, and max be either irregular, *diiggi3h or rexersexl else- 
where Stasis IS gencrallj pre!>cnt but not large m amount 

III the earlx stages carcinoma in tins region mix be easil> oxer- 
looked or mistaken for a lienign Icsion 'I'lie findings of imjxirtance 
are localized rigiditj of the wall tliickcning, distortion or absence 
of tbe rauco‘ial foUK m tbe same arta, and a slight irregulantj m 
outline 

Ulcers of x arming size and depth are a common finding in all 
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cancers of the stomacli Tliej usualh produce large shallow pro- 
jections of the barium sliadow with overhanging ragged margins 
WTien seen m profile the mucosa) are thickened and are seen to 
stop abruptly at the margin of the lesion, sometimes it is possible 
to demonstrate the tumor mass underlj mg tlie ulceration These 
characteristics sen e to distiugtiish them from benign peptic ulcers 
which are usually smaller, deeper and surrounded bj folds which 
radiate from a common center 



Fig 209 — Carcinoma of tbe pylonc end of tbe atomacEi and lesser curvature 

There is a form of ulceration occurnng frequently m the pre- 
pyloric region which on histoli^ical examination shows positive 
evidence of malignant disease and wluch cannot be differentiated 
from the benign lesson hj any radiographic method The location 
of the lesion is of some importance Bemgn ulcers are rare m the 
prepyloric region, on the greater curvature, and in the cardiac end 
of the stomach 

Prepylonc Carcinovwta — In well established cases, there is a defi- 
nite funnel-shaped defect over which there may be absence of 
peristalsis, the diagnosis will then dqiend upon the demonstration 
of change m the mucosal relief and localued rigidity It must not 
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be forgotten that the raucosaf TOM', -ire wmetmics nl)stnt in the 
antrum of the normal stomith 

Successful surgical treatment of cancer of the stonnch (Upends 
almost entirch upon the nbiUt\ of the roentcenologist to disct)\er 
the lesion m its carh stages Ihe hlsto^^ and plusical findings art 
of little talue, gastroscopj ma^ he helpful m selected cases but the 
responsibilitN of the roentgenologist is alviacs great nepcated 



txaimnation m doubtful tasc» should, tliercfort, bt the nilt rather 
than the exception, and no decision should l>c made until all possible 
data ha\e been obtained and esaluated Pirliaps tlie most difficult 
decision is Iwtneen benign and malignant lesions, in thc>e cases it 
IS probabU in the l>cst interest of the patient to err m fa% or of radical 
rather than pnlhatne treatment 

Tlie benign lesions most often mistaken for cancer are j>eptjc 
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ulcer which has ‘ilreacly been referred to and gastritis of tlie hyper 
trophic t\'pc This lesion usually appears as a rather large flat 
defect m the banuin mass King close to the greater curvature in 
the middle or anterior portion of the stomach tlie inner surface 
nia\ or ma\ not show small ulcer craters The rugie are thickened 
and distorted rigiditv is less marked than in a cancer of similar 
extent The diagnosis is often made by gastroscopic examination 
Other conditions which mav be mistaken for malignant disease 
are pressure from extrinsic masses lues odl esions and benign 
tumors which are discussetl elsewhere 

Ulcer — The recognition of an ulcer depends upon (1) the pres 
ence of a crater which can be filled with barium and visualized or 
brought into profile bj palpation (2) the characteristic deformity 
of the mucosal pattern (3) locah 2 e<l tenderness (4) the presence of 
associated spasm (5) increase m peristalsis and (6) the presence of 
stasis In some cases spasm and stasis are absent stasis becomes 
mcreasinglv important the closer the lesion lies to the p^lonc nng 
^^’hen a benign ulcer mxoKcs the pyloric ring there is often some 
stasis 

Small shallow ulcers are usually seen as small flecks of barium at 
the site of the lesion There is often an associated enlargement of 
the rugte about the lesion They ore easily overlooked 

Active ulcers may slow all the signs of a healed lesion but in 
addition there will be a mass of barium projecting from the rigid 
area corresponding in size and shape to the crater of the lesion 
Although surgically they may be located on the posterior wall 
they are generally observed on the lesser curvature during the 
roentgen examination In order to Msualize these lesions ade 
quatelv observation m the lateral position is necessary These 
protrusions are to be differentiated from the duodeno jejunal flex 
ure which often projects just above the lesser curvature Rotating 
the patient and requesting him to take a deep breath will enable 
the examiner to determine whether the mass is actually projecting 
/.ncim the nr nf jt 

Healed ulcers are usually seen as an area of induration which if 
extensive may cause eonsiderableshortening of the lesser curvature 
There is a break in peristalsis at the site of the lesion A crater 
cannot be demonstrited but » characteristic stellate mucosal pattern 
IS present Spasm is not present as a rule when present it takes 
the form of local mcisur® opposite the active edges Such ulcers 
after a time may cause irregularity of the greater curvature from 
contraction of scar tissue which extends out to envelop the body 
of the stomach 
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The presence of a small gas bubble outsale the stomach wall jtjst 
abo\ e the banum filled ulcer crater is c\ idence tint a perfomt » n 
has taken place at some time 

Frequentlj a spontaneous pneumoperitoneum is the earliest 
e\ idence of acute perforation Its detection requires onl\ a brief 
fluoroscopic examination which can be camctl out w ithout prepara 
tion and with little disturbance of the patient It is onU ncccssaiw 
to sit the patient upright behind a fluoroscopic «crecn and look for 
the diagnostic thin crescents of air beneath one or Imth lca\ es of the 
diaphragm Benign gastric ulcers usualU heal readiK under medical 
care within a few weeks disappearing complcteh or remaining ns 
a localized area of induration 

Syphilis —The roentgenological appearance of s\^)hlh^ is that of 
carcinoma except that mottling of the barium mass and stasis are 
uncommon in siphilis The extent of the lesion is out of proportion 
to the patient s sj mptoms The age of the patient the histoia an 1 
the laborators findings must he rclieil ujion for corroboratise e\i 
dence Proper treatment will cause an improxement m the ssinp* 
toms but a defect m the outline usualK persists and max he seen 
\ ears after a clinical cure of the disea«c 
Unitis PlastJca (leather bottle stomach) is n rare condition 
and is UsualK due to a low grade malignant tumor Tiic gastric 
wall IS infiltrated bx dense fibrous tissue which causes the stomach 
to contract to a small rigid tube King high up under the h\er 
through which the meal pours in a few minutes 
Lymphoblastoma — Lxmphoma of the gastro-intpstinal tract max 
be a primarx lesion or part of a gciicralizcil prcKaivs The demon 
stration of multiple lesions in the gastro-intestmal tract is not un 
usual In the stomach it presents an appearance eosilx confuse*! 
with carcinoma or pcKq)! The lesions will disappear under care- 
fulK gix eii roentgen treatment but the diagnosis is usualK dependent 
upon the demonstration of the di^ea-^c cl ewherc in the l)od> The 
escicest ti’sKfccs srrapk mcnxrsal miasanr> as an m 

size of the ruga? The more extensixe mucosal and submucosal 
tumors prcKluce a rigid apiieinng wall or if large enough a filling 
defect This ilefecl is annular diffuse rugose or poK-pose accor I 
mg to the tx-pe of the process m these rwjiects closeK resembling 
carcinomata and poK 7 >osis A const lerable dcfonnitx of gastric 
contour max not interfere with the passage of the peristaltic wax e 
Foreign Bodies —Hair I all-) maaseaof xcgetablefibcrsaii I metallic 
articles arc occasionalK seen m the stomach Tlieir location max 
be confirmetl bx (1) changing the po ition of the patient (2) 
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inflating the stomach with air and (3) making a routine gastro* 
intestinal examination 

Hair or fiber balls present a characteristic appearance The 
banura mixture adlicres to them thus outlining their structure and 
thej are \ isihle for some time after the meal has left the stomach 

Polypi —PoljTii of the gastric wall are comparatively rare ^Vhen 

demonstrable thej appear as smooth rounded holes in the barium 
shadow which do not change with change in the position of the 
patient and thej max beseen to beconnected to the gastric mucosa 
bj a definite pedicle There is no interference with peristaltic 
movement Thej mas become impacted in the pjlonc ring, 
causing stasis or thej may undergo malignant degeneration without 
a marked change m their gross characteristics 

Polvpi must be difTercntiated from foreign materials m the stom 
ach such as food masses and from extragastric tumors Their 
constanev is the best diagnostic evidence 

Hypertrophic Pylonc Stenosis may occur in adults as well as in 
children In infants there is gastric stasis A residue beyond four 
hours in the absence of other pathology is the usual finding The 
pylorus and duodenum are not well seen m infants so no defects 
are to be expected In adults howeier m addition to a residue 
beyond six hours w e find a py lone ring tw o or three times the normal 
thickness and usinllv an indentation on the base of the duodenal 
cap 

Gastritis — This is a condition known to occur rather frequently 
as a complication of other gastric lesions but may he the only lesion 
present causing symptoms resembling ulcer and even hemorrhage 
Its diagnosis depends upon a satisfactory demonstration of the 
mucosal relief and upon thegastroscopic examination Tlie roentgen 
findings consist of thickening and distortion of the mucosal folds 
a flocculent appearance of the barium as it adheres to the excessive 
collection of mucus on the gastric walls and in the localized hyper 
trophic form the demonstration of actual tliickeiimg In the 
atrophic form the mucosal markings mav be absent 

Sarcoma —"Malignant tumors other than carcinoma are rare in 
the stomach A form of sarcoma leiomvosarcoraa is perhaps the 
most important tumor m this group The roentgen findings are 
rather characteristic and may lead to a correct diagnosis— they are 
round sharplv defined filling defects m the center of which a small 
ulcer crater can usually be demonstrated The lesion m the early 
stages causes very little interference with the passage of peristaltic 
waves and is best demonstrated by pressure on the partially 
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filled stomach ^\ith the patient in a position in which the tumor is 
viewed enface. It will then appear as a round, sharjdy defincfl, 
bripiif area in t?ie harium shadow, in the center of which is a smai? 
dark fleck 

Diverticula.— True di\ erticula are rjire. TIic^ are usually seen at 
the cardiac end of the stomach, anti may he a centimeter or more 
in diameter, thc\ often contain a residue after the stomach has 
cmptictl and may cause mild atypical ss-mptoins. 



Fii. 211 — Ga«tne pt>ljpo«a Tb© routioo 61 cd »howB aa irTPE'ilarit) alons th© 
FTCatrr mrvsliirr, but is not diaKT)r«ti<* 

DiaphragTOitic Hernia —Congenital defects in, or injurs’ to, the 
tliaphrapm may allow a part of the contents of the abdomen to 
escape into the chest 'llie organs mo^t often in\o\\c«l are the 
'>toma(b, the nmonivni and ;>arls of ibe Jaiye nr sroalJ Imwcl. Tlie 
nientgen appearance w ill tlcpcnd upon the location, sire and contents 
of the hernia In the chc't the upper bonier 19 U'Uillt donic-slnpetl 
and sharj)l> dcfinetl, its lower Iwnlir merges with that of the a 1 *lo- 
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men and it maj , or ma> not contain air bubles and fluid levels 
W ith inspiration the mass is seen to nse into the chest When the 
stomach is the principal organ involved it is seen to he unusually 
high and raaj be ini erted 1/ the patient is examined in the lateral 
view, a portion of the diaphragm maj be seen below the level of 
the stomach The banum meal maj pass through the esophagus 
in the usual manner to a point below the le\el of the diaphragm 
before turning upward to te^cb the stomach, or it ma\ enter the 
stomach above the diaphragm The outline of the barium-filled 
stomach m«T.v or mav not be deformed depending upon whether or 
not the hernntion is complete 



Fia 212 — ^Spot film taken with compression shows the character stic picture 
(Same case os Fig 211 ) 

In older individuals herniation of varjing degrees of the cardiac 
end of the stomach through the esophageal hiatus is a rather common 
finding The condition is best demonstrated with the patient m the 
prone or supine position, during forced breathing displacement of 
the lower end of the esophagus backward and to the left is a finding 
of some importance as it may lead the examiner to suspect a hernia 
In the upright position the fundus of the stomach maj return to its 
normal position This observation should alwaj s be made, as it is 
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of clinic'll md thonpcutic import incc ri'iwl hcrnns irt more 
ULeK tediiwl 

Postoperative Stomach — The ‘itomicli after gas>tro-enterostom\ is 
gcneralK smaller and higher than the normal stomach It empties 
rapidh as a rule although the eniptsing time depends someiihat 
upon the size and po ition of the stoma There is little {lenstal is 
visible ■\Micn present it usualh passes over the entire lower part 
of the stomach to the pvlorus nhere it forces some of the I intmi 
mixture through unless the pvlonis has been closctl hv citherojcra 
tion or disease The stoma is Iicst scon w hen onh a ‘small amount of 


Mucous 1 ariiini mixturt has 1 ten adiiuiusUrc'l an 1 tarefulb inas- 
sagal through the stomach into the jejunum T1 cre is i omialK a 
transient \)ostoperiti\ c swelling aroun I tl e stoma wl ich ma% tau^t 
•'ome difhcultv in emptv mg t! c stoin icli 
Partnl er tital rt*scction if tic stiiinch prislticcs n riKiitgin 
picture inwliuh as would lie c'qxxtwl tin g^i trie sin If w is re<!ucf<| 
to a small ]>ouch with a mort or los imi,ii1ar oiitlim iii its 1 »wtr 
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Ulcerations in the region of the anastomosis or m the jejunum 
are often difficult to demonstrate If an ulcer crater can be seen 
and recorded on films tahen during the fluoroscopic examination 
the diagnosis is certain but in some cases this is not possible and 
the condition must be inferred from the history and indirect findings 
such as a localized area of tenderness increased peristalsis or stasis 
Pistulie involving the stomach jejunum and colon are best 
demonstrated b> an enema Barium flows back into the stomacli 
from a distended colon much more readily than it does in the oppo- 
site direction 

THE DUODENUM 

The normal first portion of the duodenum sometimes calletl the 
cap or bulb presents a smooth rounded triangular shadow which 
13 connected with the stomach shadow by a thm line of barium 
mixture m the pylonc canal Its relation to the stomach gall 
bladder and liver saries with the tj^ie and the position of the 
patient and with the size and shape of the stomach and liver 
The duodenum has a peristalsis of its own and its filling and 
emptMng are controlled both bv the pyloric sphincter and the 
constrictive action of the junction of the first and second portions 
The rapiditj with which the first portion of the duodenum fills 
depends upon the tone of the pjlorus This is influenced by the 
type of food m the stomach the amount of food m the ileum and 
the general ner\ous tone of the patient Reflex disturbances from 
other abdominal viscera mai cause pyloro spasm In hunger 
achjlia carcinoma of the palonis or gall bladder disease the entire 
duodenum rnay fill rapidlj If there is delaj or difficulty in filling 
the first portion of the duodenum during the routine examination 
the administration of a mint wafer conversation about the patient s 
fa\ orite foods or the taking of a small glass of iced w ater w ill usually 
cause relaxation of the py lorus 

The first portion of the duodenum may be con'^iderably enlarged 
in atonic individuals Enlargement mav also occur as a result of 
adhesions or bands about the duodenum or ulcer of the second por 
tjon It mav be contracteil as a result of spasm scar tissue in the 
walls or adhesions Defects m the outline of the duodenum may 
be due to pressure as for example the smooth roundeil depression 
caused by the gall bladder and the small indentation on the inner 
margin caused bv the bile duct Scars and the spasm from ulcers 
cause irregular deformities whidi produce the familiar coral shaped 
shadow Rarely as the result of perforation of a duodenal ulcer 
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there may be a pocket filled nith barium cither bet^^een the duo- 
denum and the Uver, or between the duodenum and the colon. In 
some cases of perforation free gas may be demonstrated in the 
peritoneal cavity above the H\cr Spasm may produce extensi\e 
changes in the shape of the duodenal bulb 
Ulcer.— The signs of ulcer arc (1) deformities in the outline of 
the duodenal bulb; (2) the presence of a small fleck of barium in 
the crater; (3) changes in the mucosal pattern, (4) changes in 
motility; (o) changes in gastric peristalsis 



Fta 21-1 •—Normal p)ioru* •nil <luod«nuni. 


The deformity of outline roust be iIifTcrcntlatcd from that pro- 
duced bj spasm. The deformitj of ulcer is constant, whereas that 
due to spasm will 'arj, or ilisapiicar tntircl) , upon dilTirent exam- 
inations. It is jjrobable that a part of the deformitj ob'Crxcd In 
duodenal ulcer !■> due to the local spasm acconipanjmg the lesion 
Tlie most definite ev idence of ulcer i-) the demonstration of a niche. 
TIjc presence of a small, roiinil mass of Imrmm 1 nr 2 mm. in diam- 
eter projecting front an aaaof mfiltration on the margin, or diowiiig 
through the general outline with pressure, is diagnostic. 

There ts a tendency for the rar/cosal pattern to a 
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stellate appearance and the puckenng of the folds may indicate 
the location of the crater If no fleck is found in such a case 
It IS usuall} safe to assume that the ulcer is healed In cases 
where palpation is dangerous or difficult ulcers about the pylorus 
may be well \isuahzed with the patient supine and the right 
side ele\ated so that air m the stomach will occupy the region of 
the antrum and the duodenal bulb This will permit the demonstra 
tion of the mucosal pattern m this area without the necessity of 
manipulation 

Increased gastric peristalsis is a frequent accompaniment of duo- 
denal ulcer The empt\ing time of the stomach will depend upon 
the size and position of the lesion and the amount of obstruction 



Fio 21S — Fice |sa between Uie upper eurfoceol the liver aod the d apbiaEm 
following perforetioD of • duodenel ulcer 


caused by it ^\hen the iilctr is small and well abo\e the pvloric 
ring the cmpt\ ing time ma\ be shortenetl Large ulcers or ulcers 
imohing the pyloric ring arc generally accompanied by gastric 
stasis and tliere is not infrequently a change m the gastric mucosa 
Adhesions raa\ produce slight irregularities in the cap which are 
not constant with change m position of the patient Constriction 
bandsraay befoundamTvheremthecourseoftlieduodenum They 
may cause a dilatation and a delay in motility with pendulum like 
movements of mas'^ev of barium in the second and third portions 
Pendulum like moiemcnts ina\ be seen without tvidence of ob 
structmg bands or other organic pathology especially in young 
asthenic women The second and third portions of the duodenum 
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■ire not as i%ell outlined as tlit first portion on sur\cs films but art 
well seen during fluoro-'Copx mil on spot films NormilK the meal 
passes through them with considerable rapuhts The entire second 
and third portions are well outlmc'd onU when there is rapid cmpt\ 
ing of tlie stomach or obstruction eitlur from adbcMons tumors 
mesenteric ileus or pancreatic di^ii e 1 Ictr h rare m this portion 
of the duodenum jhe ampulla of 3atcr nu\ bt ihlateJ and 
appear as a definite spot of barium a ftw inilhmctirs in ihametcr 
along the central margin of the descending portion 



Fio ■’16.— Duodenal ulwr wjlh crat«r 


Tlim atonic mdn idiwls more often womtn witliajow mesenler% 
and stomach ina\ show dclas and ililatation m tlie ■^^cond portion 
of the duodenum due to pressure from the root of the mesentcr\ 
across the third portion, which disappears when the patient lies 
face down Nausea i» usualh assoaated with dilatation and dela\ 
in the second portion of the duodenum 

DiterUaila of the duoilenuin are seen occasioiialU The\ appear 
as rounded mas.es m close pro\imit\ to the duodenum fhev maj 
measure sec end centimeters in diameter and cnritam hinum resi" 
dues long after the adjacent intc-tinc is tmpt\ Tlie presence of 
mucosal fol<K withm the diccrtieuH signifies that tht\ arc of con 
genital origin 
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Tistulte between the lUiwlenum and the gall-bladder ha\e been 
demonstrated, and in rare cases tlie harnim meal niaj outline an 
enlarged common duct, or ptrts of the bilnrj sjstera may be out- 
lined b} gas which has entered it from the duodenum 

Carcinoma of the duodenum occurs by extension from the sur- 
rounding organs, most commonlj the bile ducts It rarely arises 
from the intestinal niucosi In either case the roentgen appearance 



Pia 2l7 — Duodenal ulcer of the type suaul-vted by apasro 


is the same There are annular or irr^lar defects Cavities may 
develop within them which communicate w ith the lumen and give 
shadows resembling diverticuJs 

THE JEJTmHM AHD ILEUM 

The jejunum normallj appears as cods of fine, feathery flakes, 
due to the rapiditj of the passage of the meal through it It is 
nev er w ell filled except iq patholi^cal conditions, the most common 
of which IS mechanical or paraljtic ileus 
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A tumor suflicient to cause oWruction Jb as a ru!i, palpable 
but man\ large tumors cau^e no olistniction usualK small ones 
can l>c detected when cartfnlK scnrcb«l for In pentomtis and 
obstruction the flocculent appearance dl^appea^> and the coiU 
arc dilated Gastro-jejunal ulcer ma\ occur follovrmg a gastro- 
enterostoma Tlic diagnosis is based upon (1) a persistent irrcg 
nlaritc of outline (often dilHciilt to \isualize) in the region of the 
stoma, (2) a localized tenderness over the stoma (“I) a changt 
m gastric peristalsis (4) a gastric residue l>ev one! the si\ hour 
period and (o) demonstration of a fleck at the «ite of the ulcer 
This fleck IS often best demonstrated b) palpation under the fluoro* 
scopic screen after the administration of a small barium meal 
The ulcer is often locatctl «omc distance l>eloi\ the stoma and unlc'' 
carcfullv looked for, is easih misscrl 

Steatorrhea Koa tropical Sprae and Celiac Disease -'In cases show • 
mg deficient fat digestion and general rarefaction of the liones a 
striking change has been seen in the duodenum aud jejunum fJie 
intestine loses its fnng\ margin and the barium collects m large 
smooth lumps suggcstmgcolomcmasscs Anemia skm lesions and 
an atom of the colon maa be associatwl aaitb the condition 

Sprue — Spniejsasomenhat siimlarcomhtion usualh seen in m Ji 
\iduals who have «pent some time in the tropics The jejunum 
loses Its sharp feathen outline because of cilemn of the mucous 
membrane There is a general imtabihtj of the small mtcstme 
and the barium tends to collect in isolnteil masses in adjoining 
loops of the intestine There is no cliange m the rate of passage 
of the meal 

The normal ileum appears as a cod of intestine containing dense 
masses of barium lung low in the pcUis with a loop extending 
upward and tenninating in the ceaun Owing to its depth m the 
pelvis, palpation is un«atisfactorj cacept m its terminal portion 
It 13 smooth in outline with constantlv changing transverse con 
tractions It ma\ show some filling within an hour after the meal 
liegins to leave the stomach an«I within eight to ten hours after 
taking the meal it should be cnlirch emptv The head of the 
banuin meal should pass through it in six hours 

Dilatation of the ileum ocnirs ns a rewilt of obstruction from anv 
cause Disease in the ileocecal region gcneralh cau«es fixation 
and tenderness of the terminal ileum A delav of more than six 
hours m the entrance of the meal into the cecimi or a delav of 
more than ten hours in the complete emptvmg of the ilcmii art 
suggestiv c of disease m the ilcocecnl region 
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A rapid gaseous distention of the small intestine occurs in the 
presence of severe abdominal pam peritoneal irritation or obstnic 
tion 

Ileus — Mcchama I or Paralytic —Obstruction of the small bowel 
maj be complete or partial localized or general it maj be median 
ica] or the result o! tlie pardjsis nhidi occurs m general peritonitis 
The roentgen examination gnes definite e\idence of the presence 
and extent of the process but does not permit one to distinguish 
between the various causes The examination should be made 
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Without the use of a contrast meal ^\ltll complete obstruction 
the barium meal is useless and m partial obstruction it mat aggra 
\ate the condition Observations should be made m the upright 
as well as the prone positions when possible An antero posterior 
view with the patient I^ing on the sile is sometimes helpful or it 
ma\ be necessarv to introduce a Miller Abbott tube to complete 
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tlie examination The findings m the earU stage %m1I consist of 
one or more dilated gas filled loops of small bowel usualh arranged 
m a step-ladder pattern, later, fluid lexels appear, and it mav be 
possible to demonstrate edematous thickening of the ^alls of the 
affected segments It is of considerable importance to determine 
the site of obstruction and, if possible, its cause When the dilated 
loops are confined to the right upper quadrant the obstruction is 
usualh m the upper jejunum, when the\ are on the left the lower 
jejunum or upper ileum should be suspected, dilated loops low on 
the right usualh mean obstruction in the terminal ileum A gen- 
eralized dilatation suggests a parahtic ileus, a marked dilatation 
of a single loop a x oh ulus ^\^len the obstruction is due to a 
tumor protruding into the lumen of the bowel, or when the tumor 
13 pedunculated, it ma\ be seen as a dense shadow within the dis 
tended bowel or it max cause an intussusception which c^n be 
demonstrated The Miller- \bboU tube, bx reliexmg the distention 
helps to locate and determine the cause of the obstruction 

Oxerdistended or gas-filled loops of large bowel are sometimes 
mistaken for obstruction m the small bowel Thei can usually be 
distinguished b\ their size, the presence of liaustral formation, and 
the fact that thei do not contain fluid lexels, except immediate]! 
folloix mg an enema or in rare cases of diarrhea 

Tuberculosis of the ileum max be either ulceratne or indurative 
It causes irntabilit.x, irregularitx in outline and abnormal motilitx 
m the termmal ileum In the ulceratixe form there is usualh other 
exidence of tuberculosis m the colon or chest In the mduratixe 
form a mass can usually be felt in the nght lower quadrant, and the 
process mxohes the cecum as well as the ileum The roentgen 
findings are a grosslj deformed and contracted cecum with ragged 
irregular outline, a rigid dilated or contracted terminal ileum, a 
X arj mg amount of ileal stasis, and an absence of the normal mucosal 
pattern throughout the terminal ileum and cecum The fact that 
tuberculosis usuallj mxohes both the cecum and ileum helps to 
differentiate it from carcmoma, which is usuallj localized m one 
organ 

Lymphoblastoma, when it mxohes the terminal ileum, frequenth 
mxades the cecum and maj produce a picture closeh resembling 
that of tuberculosis There js usualh less ngiditv and the lumen 
of the inxohed bowel ma> show lobulated defects in the barium 
shadow 

Regional ileitis is a chronic infection of the terminal portion of 
the ileum The granulomatous infiltration causes a loss of normal 
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outline and cither dilatation or contraction of the afiectcd portion, 
with dehj in the passage of the meal through it The bowel prox- 
imal to the diseased area may be modentelj dilated The lesion 
IS frequentlj multiple and maj in\ol\e the large as well as the 
small bowel fistula maj occur Perhaps the most characteristic 
finding is the ragged irregular appearance of the mucosa o\er an 
area of w ide extent 


T 
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lumoT3 of the small bowel cxxoir more often than is generallj 
belieted and frequentlj are the cause of unexplained bleeding or 
obstruction Tliej maj be either benign or malignant and maj 
jmolve an> part of the small intestine, but are more often seen m 
its distal half E\ en large ulcerating lesions maj not cause obstruc- 
tion and are easily missed unless the obsertation is made at the time 
the barium meal is passing through the mvolved area The roentgen 
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eKinunitjon sJiould tljefefore consist of frequent repented obser 
\ations, tbeir spacing will depend upon the rate at nhich the barium 
meal IS adiancingm the case utKlerobservatton andnilMarj from 
mmutes to hours The taking of a glass of icetl i^ater after the 
barium meal a\ill often increase the rate of adtance reducing the 
time required for the complete examination 



F o 2^0 — Regional ile f s Tie invcdired at«a9 are outl ned and nd cated b> the 


The appearance on the screen or film ndl depend upon the tipe 
of lesion present Carcinoma produces single localizetl areas of 
constriction or dilatation in which the mucosal markings are absent 
or ragged Lj mphoma produces single or multiple lesions closely 
resembling carcinoma the imoUed areas are usual[\ more exten 
si\e the mucosa is often thickened and ragged rather than absent 
and dilatation is seen more often tlian constriction 
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Bemgn hmoTS usually appear in the lumen of the bowel and are 
frequentli pedunculated Films taken during the fluoroscopic 
examination are of great \alue in demonstrating the pedicle when 
this can be done the diagnosis of a benign tumor is almost certain 
These tumors maj cause an intussusception and should alwajs be 
looked for when this condition is present thej arc seen as round 
or shghtlj lobulated masses rf diminished densit> projecting into 
the barium shadow or similar areas of increased density when sur 
rounded bj air 

Tenia ma> cause marked imtabihtj of the ileum and m a few 
cases the diagnosis of an ascaris infection has been made from defects 
in the barium shadow made the worms or from an opaque residue 
in the parasites after the intestine has emptied 

Multiple diverticula have been demonstrated m the jejunum and 
ileum As 13 the case with diverticula elsewhere thev areoftenbest 
recognizetl bj the residue remaining m them after the intestine is 
emptv hicckel s diverticulum is a small pouch 2 or 3 feet above 
the ileocecal valve which is of signiflcance as a possible cause of 
obstruction or unexplained bleeding but is verv rarelj demonstrated 
at roentgen examination probahiv because it does not retain the 
barium in the manner of other diverticula 
Diverticula in themselves do not cause sjmptoms but thej are 
frequentlj the source of inflamraator> changes which ma> produce 
symptoms of varjing severity Diverticulitis maj appear as a 
rather extensive lesion m which the lumen of the involved bowel is 
narrowed and the mucosal markings thickened or it maj appear 
as a localized process resembling carcinoma Obstruction partial 
or complete may be present and there is usually a considerable 
amount of accompanying spasm 

THE APPENDIX 

The normal appendix is generally visible at some time during a 
gastro intestinal examination and it may be seen to fill and empty 
It should not remain filled after the cecum has emptied It is freelj 
mov abfe and not tena’er It raaj present one or more constrrctions 
which are without significance 

The evidence of acute disease of the appendix is (1) marked 
local tenderness (2) absent or uicomplete filling (3) delay m the 
terminal ileum (4) spasm of the pylorus (5) m empjema of the 
appendix a dilated appendix may be filled w ith air or barium 
In the subacute stage it may fill irregularly and contain a residue 
after the cecum IS emptj or it may remain unfilled There is usually 
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moderate local tenderness and reflex disturbance of the pvlonis 
less apt to be present If an abscess has formed about it there ^ill 
be a \ arj mg amount of pressure deformit\ in the cecum and a mass 
maj be felt corresponding to the defect In the so-called chronic 
appendix nhere infection has come and gone there maj be no 
evidence of the process other than fixation and a failure to empt\ 
An appendix which retains banum se\eral da\ s after the ascending 
colon has emptied is a potential source of trouble Stones or other 
foreign bodies ma\ occur in the appendcx and be mistaken for ure- 
teral calculi 


THE CECUM 

The normal cecum is smooth with transverse constrictions It 
IS freely movable both vertically and laterally and it varies greatly 
msize position and mobilitv In order to identify it a filled termi 
nal ileum is often necessary The cecum ma> be dilated m cases 
of obstruction m the distal colon and m spastic constipation In 
cases of extensive adhesions and congenital anomalies it maj be 
contracted 

Changes m outline (demonstrated best b> enema) ma> be due 
to adhesions fecal masses carcinoma infiammatorv changes or 
intussusception A diseased appendu tilth abscess formation mat 
produce a filling defect resembling that of carcinoma However a 
careful observation tiill generallv show the process to be out«ide 
the cecum 

Camnomafa and other malignant tumors of the cecum generallv 
show an annular mottled irregular filling defect which is constant 
upon repeated examinations It is easily overlooked unless the 
examination is made with an opaque enema The defect mav 
be slight or it maj obstruct the cecum to such an extent that 
verv little of the barium mixture can be injected bejond the lesion 
In this t>pe there is occasionally considerable dilatation and stasis 
m the terminal ileum When the defect is slight it mav appear as 
a lobulated or irregular mass projecting into the barium shadow 
from the wall of the cecum over it tlie mucosal folds are usually 
absent and at times an ulcer crater can be demonstrated AMien 
the lesion arises near the tip of the cecum intussusception may occur 
producing a large characteristic defect 

The ulcerative type of tuberculosis of the cecum produces local 
irritation so that the barium meal or enema does not remain at the 
site of the lesion A tv7>icsl finding is stasis in the ileum and an 
empty ascending colon at twenty four hours \n enema reveals 
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either defects m outline or failure to fill at the site of the lesion 
The norma! mucosal pattern is lost When tlie lesion is of the 
indurative tj^pe the appearance resembles that seen m carcinoma 
but unlihe carcinoma the process usual!) extends into the terminal 
ileura 

The normal cecum is never empty when barium is present in 
both the ileum and the ascending colon An\ colon sufficiently 
filled bj enema will o\erflow into the terminal ileum 



F 0 ‘’21 — IntussuBcept on Tbe cecum and pa t of the esceDd ng colon haa nvag 
nated nto the sacendmg and t anave se colon 


Intussusception — Ihe invagination of a segment of intestine into 
another maj occur at any age and m anv part of the intestinal tract 
1 ut is most often seen in the region of the cecum where the cecum 
and a part of tl e ileun are mviginated into the ascending colon 
The condition uia) be transitor) the patient 1 eing subjecte 1 to 
repeated attacks over a penod of jears In tl ese cases the roent 
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gen examination is negatne unless made during an attack or unless 
the examiner disco\er3 the small tumor which is the usual cause of 
the condition Wlien the uitussusception is present the roentgen 
picture IS striking and cbarartenstic—there is a large filling defect, 
the distal end of w hich is cup-shaped crossing the defect are narrow 
cur%ed bands of barium, representing the mucosal folds of the 
sheath Vkhen the banum enters the miaginated portion, longi- 
tudinal streaks are seen m the center of the defect 

THE COLON 

The colon \aries in size and in position from hour to hour, and it 
also lanes in different indmdnals The outline js smooth and 
shows the usual haustral segmentations Normallj, the meal 
reaches the splemc flexure within twehe to eighteen hours, and 
the colon 13 entireli empty within twentj four to se\enty two 
hours 

The mo\ements of the colon are (1) haustral churning, t e 
formation and reformation of haustral contractions, (2) antiperis- 
talsis which begins as a contraction ring at about one third of 
the distance between the hepatic and splenic flexures and runs 
slowly back'ward to the cecum, (3) pendulum like moxements of 
large masses which mo^e to and fro through short distances and 
(4) rapid miss movement through a consideraole portion of the 
colon wath disappearance of haustral markings 
In outlining the colon bj enema, it takes a few minutes to com 
plete the filling of the rectum and sigmoid, after which the fluid 
passes readily to the cecum As the pchic loop of the sigmoid 
distends it should rise well out of the pehis 
Anatomical Vanatioas —There is wide \anation in the size, shape 
and position of the colon, and of its various portions There may 
be a complete transposition of the Mscera, the ascending colon may 
be mcompletelj de\ eloped, the cecum maj he high m the region of 
the gall bladder, and the hepatic flexure in'!) be seen in front of and 
e\ en abox e the li\ er 

The sigmoid in addition to extreme xariations in length, maj 
hai e either a short or a relatively long mesentery , and, for this 
reason, its position in the abdomen is subject to w ide \ oriation 
Changes Sue —The colon mnj lie dilated as a result of mal- 
formations obstructing tumors or an overactnc SMiipathetic ncr 
\ous s\ stem Tlie lumen of the transverse and descending portions 
IS imiformU diminished in spastic constipation In general it may 
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be said that the length and size of the colon is an index of the bal- 
ance betw ecn the vigus and sj mpithetic sj stems When the former 
prevails, the colon is short and narrow A preponderance of the 
sympathetic element produces a redundant, atonic colon 

Changes in Position —Changes in position are not important 
unless they cause obstruction A long sigmoid loop may he almost 
anywhere in the abdomen, or the transverse colon may be found low 
m the pelvis without the patient suffering any ill effects In the 
normal individual, in the upright position the flexures do not ordin- 
arily drop below the iliac crests 

Changes in Outline —In the observations follow ing a barium meal, 
the colon often presents irregular defects due to the presence of 
fecal matter If disease of the colon is suspected, an examina- 
tion by means of an opaque enema should be made The most 
common defects noted in the colon are the annular, ragged, funnel- 
shaped deformities due to carcinoma, and the constrictions caused 
by localized inflammatory process Multiple, small bud-Iike masses 
are sometimes seen along the margins of the colon, particularly m its 
descending portion They represent barium filled diverticula, and a 
certain amount of irritabihtv and segmentation may accompany 
them It has been noted that there is acomplete absence of segmen- 
tation m severe cases of colitis Where irritative lesions are present 
in and about the colon the haustral markings are apt to be fine, 
irregular m depth and close together General spasm is evidenced 
by a narrow colon, particularly m the descending portion, with 
broad and widely -spaced segmental markings 

Changes in Motility —Decreased empty ing-time occurs m achylia, 
in conditions which pro<luce a rigid incompetent pylorus and in 
colitis Increased empty mg-time, or constipation, appears m three 
forms Spastic, atonic, and rectal 

1 The spastic type is the result of increased vagal tone It in- 
volves mainly the transverse and descending colon and is shown by 
a diminution in the size of the lumen, and changes m haustral seg- 
mentations which become fewer m number and increased m width 
The delav in these cases may be extreme, barium remaining m the 
colon as long as a w eek after the meal 

2 The atonic type is characterized by a large, redundant flabby 
colon The most severe forms are seen in asthenic states and in 
diseases of the central nervous system 

There is, of course, more or less delay m cases of obstruction due 
to adhesions or tumors In acute intestinal obstruction, films of 
the abdomen should be obtained before the administration of barium 



THE COLON 


30o 


These films t\i 11 often reveil coils of gasnlilated intestine which 
b% their character and position determine the site of the lesion 
If the small intestine is affected the coils he mam)} transverceh 
Tlieir margins present the fine markings characteristic of the small 
intestine If thecolon isimoKed the cods are larger and smoother 
with little segmentation If the obstruction is low m the colon 
marked distention of the cecum is to be expected The dilatation 
generalK ends abruptlj at the point of obstruction 

Carcmoma —The earh diagnosis of carcinoma of the colon is 
difficult Unless the examination is made b\ enema as well as 
bv the barium meal the lesion ma\ be o%erlooked 

Care should be taken in tlie preparation of the patient for the 
examination bj enema The large bowel should be cleansed of 
fecal matter Tins is best accomplished bj a cathartic follow ed bv 
1 of teiitt.wi Thffcsthsrticshoak} be 

gu en the night before and the cleansing enema two or three hours 
before beginning the hnnum examination An effort should be 
made to hai e it well ei acuated If there is aiij question of obstruc 
tion the examination bv cnemasbouldpreeedethebinumbv mouth 
In these cases the administration of barium b\ mouth ma^ produce 
a complete obstruction 

The amount of the opaque enema should be sufficientK large to 
fill the entire bowel— afciout 1 to 2 quarts The mixture should be 
warmed tobodv temperature Itsboul 1 contam asuffiaent amount 
of barium to produce a shadow of good contrast but not enough 
to interfere w ith its free passage through the rectal tube A mix 
tore of barium w ater and petrolagar of about the consistencv of thm 
cream produces good results 

The gravitv method of administering the opaque enema is the 
most sati^factorv The examination should begin with the patient 
supine upon the fluoroscopic table and the entire filling should 
be observed carefullx tiinimg the patient from side to side during 
the progress of tl e enema to separate loops and bring a» much of 
tl e wall into profile as possible Films should be obtained either 
during the examination or after tlie filling is complete whichever 
the fluoroscopic findings suggest The fluoroscopic examination 
is essential for the films alone maj be misleading The bowel 
maj be emptied In lowering the container and permitting the mix 
ture to flow back into it thus allowing the manner m which the 
colon empties to be observed on the fluoroscope or the patient 
inav evacuate the enema after which he is fluoroscope 1 and films 
are made 
20 
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Tor the demonstration of polyps and small lesions it is often 
helpful to fill the colon with air after the barium has been cvaaiated 
Normally the colon dilates considerablj during the first part 
of the injection Thereisadelaj intheloiversigmoid atthesplenic 
and hepatic flexures and whemer sharp angulation occurs Delay 
max also be due to the presence of (1) gas (2) fecal matter or 
(3) obstruction to the free flow of the mixture from the container 



ria 222 —Care noma of (be (ransxerte colon at A On the oppos te a de there ia a 
narrowing of the gat due to apasm 


TOieii organic obstruction (either benign or malignant) is present 
the portion of the gut below tl e obstruction dilates to an abnormal 
size This IS partiailarlv true of the rectum There is a definite 
(lelaj in tie passage of the enema bexond the lesion Unusual 
spasm maj be ol serx ed in the filled portion and the \ atient com 
plains of pam and diffictiltj in retaining the enema 

Carcinoma of the colon differs from other forms of obstruction 
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m the character of the shadow cast b\ the obstructed area also In 
the amount of pain and difficult} in retaining the enema which are 
out of proportion to the amount of obstruction The shadow of 
the invohed area maj be 2 or 3 inches in length The defect is 
irregular m outline usualh annular and the relief pattern of the 
mucosa is replaced b> an irregular mottled appearance characteristic 
of carcinoma elsewhere in the intestinal tract Strictures of inflam 
mator\ origin are more sharph dehned and do not present mot 
tlmg Spasm of the colon ma\ simulate carcinoma but in spasm 
the deformitv is not constant and there is little if an% obstruction 
to the passage of the enema hen the lesion is in the cecum the 
enema mav pass tiirecth into the ileum without filling the cecum 
In this case the barium mature in the area of the cecum appears 
as a ragged mottled shadow 

Carcinomata of the colon which do not constrict the lumen ma% 
be o\erlooked unless an examination is made after e\acuation when 
defects in the mucosa! pattern ma% be endent ^fidtip!e lesions 
are rareh due to carcinoma 

Diverticnla of the Ckiloa — This condition is more common than 
IS generoll} supposed and is probablv frequentlj o^ erlooked m the 
routine gastro<intestina! examinations. The diverticula are gen 
eralh best demonstrated bv repeated examinations following the 
oral administration of barium although in some cases the picture 
after the injection of a barium enema is more characteristic 

Diverticula appear as bud like masses projecting from the 
lumen of the colon They mav be present in an> part of the bow el 
but are more commonly seen in the distal portion Thex fre- 
quently retain the barium mixture for dax s or weeks hen the 
colon IS filled with the barium mass thex max be completelx ob- 
secured bx its shadow For this reason m cases where dixerticula 
are suspected the colon should be obserx cd after it has had sufficient 
timetoemptx (uptotwentx four or forty -eight hours) Theresidue 
remaining m the dix ert cuH max then appear as small dense masses 
scattered along the course of the colon The deformitx of di\ crticu 
litis differs from that of carcinoma in that it is usually more extensiv e 
and the mucosal folds are not absent m some ca'^es a soft tissue mass 
(abscess formation) may be seen outside the bow el The demon 
stration of diverticula does not rule out carcinoma although it 
does make it less likeh Tlie recognition of the true condition is 
of considerable importance since obstruction due to diverticulitis 
frequentlv responds favorablx to medical treatment while that due 
to carcinoma requires immediate sui^cal treatment 
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Chronic UlceratiTe Colitis — The forms of colitis \\hich can be dem 
onstrated means of the it>eQtgeii raj are mucous colitis ulcer 
atne colitis chronic ulcerati\e colitis \\ith scarring and colitis due 
to specific organism atncbic colitis Irntabditj and spasm are the 
earliest signs when there is excess of mucus string like shadows of 
barium mas be seen adhering to the wall of the colon 



Fio 2‘’3 — D ert cula of tbe colon demonstrated by a bar um enema. Note tbe 
bud 1 ke pra/cctrons as nd cated by the arrOKS 


In the ulcerative forms the process may be localized usually in 
the distal portion or it mav m\oI\e the entire colon there is im 
tabilitj and spasm The haustral markings are absent and the 
normal mucosal pattern is lost at times fine irregularities m the 
margin of the barium shadow due to ulcerations mat be seen and 
pol>p 1 ke formation maj appear 
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In the chronic form after scar tissue has dc\ eloped the colon 
niaj appear as a rigid tube with irregular, sharph defined margins 
the diameter of r^hich \anes considerabU m different parts but on 
the 'nhole is less than that of the normal colon 
In amebic djsenterj tlie process is usualK localized to one or 
more areas in n Inch there is narrow ing Io-js of mucosal markings and 
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sometimes obstruction Single lesions ma\ be mistaken for car 
cinoma The diagnosis is made b\ the disco\ erv of the amebie in 
the stools 

PoKpt ma% be found in anj part of the colon but are more com 
mon in the descendmg colon or sigmoid Thej appear as rounded 
transparent areas in the banum or as lobiilsted cauliflower like 
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impressions Most poljpi arise from a definite pedicle winch may 
be short and broad or long and narrow , at times reaching a length 
of 2 or more Indies TJie pedicle is seen as a band of the same den 
sitj as the polyp connecting it w ith the wall of the colon , when the 
pedicle IS long the poljp ma\ mo\e along the colon for a consider 
able distance sometimes dra^ng a portion of the w all w ith it ami 
causing an intussusception The demonstration of a pedicle differ- 
entiates poKtii from other tumors and from foreign material in the 
colon and a careful search for them should alwaj s he made fhej 
are best demonstrated by inflating tlie colon with air after a barium 
enema has been eiacuatnJ but are usuallj readily seen in the 
incompletelj emptied colon thej are frequentlj multiple 

A diffuse poI\ posts of the colon is sometimes seen The barium 
shadow 13 coarselj mottled throughout the greater portion of the 
colon producing a characteristic picture The condition is asso 
ciated w ith recurring attacks of diarrhea and hemorrhage 

Volvulus of the Sigmoid —A long sigmoid may rotate upon its 
iQescnter\ sufficieutK to cause a complete obstruction of a locahred 
loop which in the eirlj stages is greatl) distended with gas, later 
fluid levels appear in the distended loop ami the colon proximal to 
the obstruction IS dilated Tlie small bone) appears normal unless 
peritonitis develops at this stage a definite diagnosis is usuallv 
impossible One can only say that the large bowel is obstructing 
In the carh stages the location ami shape of the dilated loop should 
make one suspect the true condition VoKiilus may occur m other 
parts of the gastro intestinal tract but is extreme!} rare outside 
the sigmoid 

THE RECTUM 

The rectum appears as a smooth S-sliaped shadow occupying a 
considerable portion of the pelvis Defects in outline when due to 
caremoma present the ragged annular deformity characteristic of 
the disease Ulceration doe to lues granuloma inguinale or tubercu- 
losis may produce more or less infiltration of the wall m which case 
the w all becomes rigid, and the diameter of the intestine is dimmished 
rather uniformly throughout the area of the lesion Pressure from 
inflammatory masses or tumor in the pelv is mav either deform or dis- 
place the rectal shadow 

THE LIVER 

The hv er is seen as a triangular, mass filling the right upper quad 
rant NorraalK it is of a homogeneous density except when ob- 
scured by intestinal shadow s The hepatic flexure m some instances 
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appears to he upon the upper surface of tlie Ii\ er and iiia% be par 
tJalJv filled with gas Gross changes in sire or shape are readih 
seen but the nonnal h\er \anes considerabh m size and shape 
and to this must be added the changes due to magnification and 
distortion of its shadow Tlie interpretation of the roentgen appear 
ance should therefore be guarded A niarkttl increase m sire 
w ithout change in shape is seen in heart failure the diffuse mfiltra 
tion of metastatic tumors fatt\ degeneration and lu infections It 
IS decreased m size in cirrhosis and acute \ellow atroplu Changes 
m shape ma\ be due to anatomical lariations the most cominon 
of which is the so-called corset lobe seen as an o\ al mass extend 
mg dow nward from the lower maigm of the In er at its outer border 
or to tumors seen as single or multiple smootli rounded masses 
projecting from the Iner surface UTieo the tumor is of mfiamma 
torj origin its outlme is less distinct If an abscess containing gas 
is present it can be demonstrated on films tahen m the upright po»i 
tion as a bright area below whidi there is a fluid Ie\el The walls of 
casts ma\ contain calcium plaques which arc readih “cen The 
presence or absence of pulsation or fixation can be demonstrated 
on the fluoroscopic screen 

THS SPL££N 

The spleen is fairly well seen wbeu in contact with the gas-filled 
stomach and intestine In cases where its outline la not clear mfla 
tion of the stomach and coloa w ith air wi]! demonstrate its size and 
shape Enlargements are usuallj quite e\ ident and the\ earn the 
splenic flexure of the colon downward and inward Small calcified 
spots scattered through the substance of the spleen are occasionalK 
seen These are due to healed foci of tuberculosis or to calcified 
thrombi 

The li\er spleen and the recliculo-endothehal sj-stem ma\ be 
well outlined by the mtraieoous injection of colloidal thorium 
but this procedure carries the possibility of a future aplastic anemia 
due to the radio-actii itj of the thorium 

THE GALL-BLADDER 

Gall stones may be \ isualized if the% contain a sufficient amount 
of calcium salts which, unfortunateh is true in onh a small per 
centage of the cases They appear as single or multiple shadows 
which mai be either the ti-picil faint ring a dense homogeneous 
mass or a mottled area of den ity due to man\ small stones packed 
together 
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The diagnosis of gali bladder disease has been revolutionized bj 
the Graham Cole method of visualization The iodized dye is 
given intravenously as recommended by the originator or intra 
orally incapsulesoremulsion Tberesultssecinequallysatisfictorj 
An important point v\ ith either method is to make certain that the 
patient abstains from food which will empty the gall bladder during 
the interv al between the taking of the dj e and the first examination 
^\^len the dje is given intravenously tlie normal gall bladder is 



Fig 225 — Normal ga 1 bladder made va Ue bv tbc ngeat on of let a odopbenol 
pbtbsle n 


readilv visible in six hours When the oral method is used from 
fifteen to eighteen hours is the rule The usual procedure is to giv e 
the dy e orally after dinner and take films the follow ing morning 
at nine and eleven the patient receiving no breakfast He is then 
instructed to eat a lunch containing fat or egg j oik and a third 
set of films 13 made at 1 P si In this way two observations of the 
filled gall bladder and one partially emptied are available giving 
sufficient information upon which to base an opinion Single films 
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following the d% e are not enough If the gall bhdder is not % isual 
ized a second dose of d\e is given the following night and further 
films secured the ne'rt da\ If no «hadow is obtained after two such 
examinations one mav be reaaonabU sure that the gall bladder is 
diseased, the c\ Stic duet occluded the liver «5erioush damaged or 
that the d> e is not being absorbed from the gastro-mtestinal tract 
The fact that a gall bladder sliadow is obtained do^ not exclude 
the presence of cholecv stitis Between 10 and 20 per cent of w ell 
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Visualized gall bladders mav be infected but usualTj the disease is 
not of sufficient degree to warrant operative interference The 
presence of stones in the gall bladder does not pre\ ent a normal 
filling in these cases the stones ma> ai^ar as rounded shadows of 
diminished densitv or thev mav be hidden completelv bj the 
shadow of the dve For this reason its is aJnais adi 1 ‘^hh to take 
films before the dv e 

The norma! gall bladder mav be located anvvv here from the costal 
margin to the top of the ‘Jacnim It mav ov erhe the lumbar spine 
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or be concealed bj dj e contained in the ascending cc Ion Repeated 
films from \arious angles may be necessar\ for its \isuaIization 
It vanes \MdeI' m size and shape and may be distorted by pressure 
from adjacent organs While anatomical variations arc not uncom 
mon they are usuallj of no clinical importance ^ ariations in 
the densit) of the vhadon inai be due to impaireJ function but 



F 0 ‘’■’7 -Non-opaque gal etoiive made v a ble by the ngeat on of tet a odophenol 
phtbale n 

more often thej are the result of faultv technic and should be 
gnen \erj little n eight m the final diagnosis Since a well filled 
gall bladder maj contain non opaque as well as opaque stones it 
IS adi I'sable to take films in the upn^t as well as the prone post 
tion In films taken m tl is position non opaque stones appear as 
bands of diminished densitj crossing the shadow of the gall bladder 




Fic — «njall non-opaqu« «(oa« 9 la the Deck of the paH bladder md eti&ctl> seen 
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at \arjing dislancLS btlon the surface of tlic IMiea a non 

opaque stone is situated m the common duct it cannot be visualired 
bj the usual method since it pretents filling of the gall bladder 
Stones m this position can be tisualized b\ injecting an opaque 
substance into the ducts and taking films at the time of operation 
The stones are then seen as dark areas surrounded h\ tlic dense 
media these sindotts arc usuallj quite rhanctcnstir but inaj be 
closely simulated b> air bubbles 

The biliarj and intestinal tracts inaj be connecte<! b\ a fistulous 
opening permitting air or opaque substances from tlie gastro 
intestinal tract to enter the gall bladder anil biliarv ilucts uJicn 
this occurs tht\ hecomc Msible on the roentgen raj film as shadows 
of diminished or increased densit\ which have the characteristic 
shape of the organs ini oh ed 

The diseased gall bladder usuallj fails to fill or it is unable to 
concentrate the d^e sufficiently to cast a distinct shadow Non 
opaque shadows are miisiWe m such a gal! bladder and the diag 
nosis of disease IS made <n negative evidence It is therefore of 
the greatest importance that the patient adhere stnctlj tn the 
instructions gn en and that the tcchnic < f the examination is of high 
qualitj All qu( stionable results should b“ discarded c r confirmecl 
Small hemgn tumors v^ithm the gall bladder mav 1 e mistaken for 
Stones Thev are best seen on the films taken after the fat meal 
Papillomata produce small rounded defects in the shadow less than 
5 mm m diameter usuallj found along the lateral wall tMien 
multiple thej arc well separated and never grouped together 
Adenomata are larger (8 mm or more in diameter) and thej occur 
at the fundus Defects due to these growths are unchanged in 
position throughout the examination 

Pnemnopentoneum —Inflation of the peritoneal cavitj with air 
or gas IS a spectacular waj of demonstrating the abdominal viscera 
and in selected eases this method has a definite place in roentgen 
ologj Tlic liver spleen kidnejs and frequcntlj the pelvic viscera 
are brought out with startling clantj It is particularlj useful for 
the demonstration of adhesions to the aMommaf naff the refation 
of tumor masses to the abdominal viscera and the visualization of 
the jsiibdiaphragmatic space 
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THE GENITO-URINAR\ TR\CT 

Preparabon of the Patteat —The preliminary preparation of the 
patient is a matter of opinion If it is thought adt isable a \ ege- 
table cathartic or oil ma\ be recommended Mineral salts and 
enemata should ah\a\s be aaoided, the former because they tend 
to fill the intestine nith fluid, the latter because air generalh 
accompanies their introduction and the% are seldom entireh 
expelled Fluid or air m the intestine may entirely obscure the 
kidneys and produce a confusing shadow Good films are usualK 
obtained tvith no preparation 

Techmc — The evammation should mclude both kidness, the 
courses of the ureters and the bladder Doubtful shadov's and 
most positi\e findings should be checked with a second examiua 
tion at a later date This work requires films of the best tecbmca! 
quality Roentgenograms which show evidence of motion, due to 
respiration or other cau«es should be rejected rdras of the 
bladder area should be obtained m both anteroposterior and 
postero-antenor positions The ideal kidney film should be of 
moderate densitv, thin rather than overexposed and should show 
clearly the last two ribs the transverse processes of the vertebr'e 
and the matins of the p«oas muscles 

THE KIDNEYS 

The normal kidney shadow is of the familiar form in length 
approximatelv equal to three vertebral bodies— the twelfth tho- 
racic and first and wond lumbir— and of smooth regular contour 
The right kidnev lies 1 to 2 cm lower than the left and is ceen 
less frequently Visibility depends upon the amount of fat about 
the organ and the accuracv of the techmc 

The kidnevs are somewhat movable jo the normal Jndlv^dual 
dropping 1 to 3 cm m the change from the supine to the standing 
position In y oung children thev are lower than in adults They 
he close to the margin of the p>oas muscle ^nd are crossed bv the 
shadows of the last two nhs 

Changes in size of the kidnevs are not diagnostic The shadow 
may be distorted or enlarged bv the ’'ize of the patient and the ^ 
position of the tube, or one of the kidnevs mav be b'pertrophied 

( 319 ) 
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as a result of disease m its fellow On the other hand, the shadow 
maj be of normal size although the kidney may be damaged Very 
small, slightly lobulated kidn^s are soineUmes seen m chronic 
nephritis 

Changes m shape are due to tumors, cysts, infections, anatomical 
variations and abnormal position 

Changes in po^tfion may be temporary or constant The kidney 
may rotate on any one of its axes, or it may be displaced down- 
ward away from or toward the median line It is rareh, if e\er, 
displaced iipnard One or both kidneis may be affected Down- 
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ward displacement is the most common and occurs m ptosis, in 
tumor arising from the upper pole of the kidney and occasionally 
in other retroperitoneal tumors An abscess behind the psoas 
musclci or a tumor arising in this region, may displace the kidney 
away from the spine In congenital malposition of the kidneys, 
they may be found m the pelvis oro\er|ying the \ertebriE 
Changes in density are extremely unreliable m diagnosis ^Vhile 
it is true in rare cases that tuberculosis of the kidney may be sus- 
pected because of the presence of a mottled shadow of increased 
density , in general motthngis due to o\etl}ing intestinal shadows 
The principal alue of the plam roentgen ray examination lies in 
^ the detection of calcuh Under the most favorable conditions. 
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80 per cent of all kidnej and ureteral (not bladder) 'itonea will <5ho;\ 
Their Msibilitv depends upon (1) the technic (2) the preparation 
and size of patient and (3) the compi^itjon and size of the stone 
The first tno factors maj be controlled to some extent b% repeated 
examinations In regard to the third fai^or— the composition and 
size of the stone— the order of \isibilit\ is as follows urates and 
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xantbin invisible mstine iisualJv Msible under fa\orab]e conditions 
calcium phosphate carbonate and oxalate alwajs e\ident on good 
films Stones which he in laige laflatned kidoeis mai be so ob- 
scured bj the general densiU surrounding them that the\ are not 
\isiblc Small stones are frequentK arrested in the loner end of 
the ureter where it turns to enter the bladder In this position thev 
are easiij o\erIooked unless a knowletlgc of the clinical findirgs 
21 
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Jias alreadj directed the exammers attention to this area The 
shadow of a stone may o\erhe a rib the transverse process of a 
vertebra or the sacmm and mav be overlooked Sometimes a stone 
previously invisible will receive a coating of opaque mixture during 
pyelography and become visible Stones generally occur in the 
region of the pelvis and low er calicos They nia> be round although 
they are often irregular and occasionally assume the form of a cast 
of the peU is m which they are located 

A single shadow may represent multiple stones Discrete shadow s 
scattered throughout the periphery of the kidney shadow suggest a 
marked degree of hj dronephrosis with stones or an old tuberculosis 
of the kidney ^^lth large btanchmg calculi there is generally 
considerable kidney damage 

Wlien multiple stone formation is encountered m the kidnevs 
parathyroid adenoma raav be suspected and the skeleton should 
be investigated for evidence of disturbance of calcium metabolism 
Fixation of a patient m the supine position may cause a rapid dis 
appearance of calciuro from the bones and the Rj>peaT&Tice of stones 
in the kidney 

Shadows which may be confused with calculi are 

1 Those due to material m the bowel such as fecal masses fruit 
pits enteroliths opaque salts bismuth and barium (particularly 
residues in diverticula of the colon) Blaud s pills and salol capsules 

2 The appendix often lies in close relation to the right ureter and 
foreign bodies or enteroliths within it may be mistaken for ureteral 
calculi 

3 The shadows of gall stones can generally be differentiated from 
those of renal calculi (a) by their structure and (6) by their shifting 
position with reference to the kidney area as shown m films 
obtained m the anteroposterior and postero anterior and lateral 
positions 

4 Calcified glands produce a shadow hav mg a characteristic 
spongy appearance Fhev are seen along the course of the niesen 
tery and in the region of the sacro iliac joints Thev may be identi 
fied by their location which is roughly in a line extending from the 
left kidney downward across the abdomen to the right iliac fossa 
They mav also be identified by the fact that tliey frequently cl ange 
position 111 relation to the other structures of the abdomen 

5 Tuberculous foci m the kidney may calcify and cast shadows 
w hich resend le those of renal calculi 

6 Calcification of tumor masses m tlie pancreas or in the region 
of the kidney mav be a rare cause of confusion 
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7 The tip of the transverse process of a vertebra maj be of 
such greater densitj than the body as to suggest a stone 

8 Small areas of density m the spleen mav overlie the upper 
portion of the kidney 

9 Calcification m a blood-clot or surrounding a foreign bodj 
raaj simulate the appearance of a renal calculus 

10 Mention must also be made of the shadows cast fibromata 
on the skin scars and ev en dressings vxliicnmaj be recorded on the 
film as areas of increased densits 

11 Artefacts in films due to thio spots m the emulsion or small 
areas uhich are unequallj developed maj be sources of confusion 

In searching for small stones or fragments of stones m a kidnev 
which has been operativelj exposed it is possible to take films 
du-ectlj through the mobilized kidnev when it can be freed suffi 
cientli from the surrounding tissues 

Retrc^ade Pyelography is not a procedure to be undertaken 
lightly Reactions cannot be entirely avoided although a carefi 1 
technic w ill do much tow ard preventing them The most important 
single precaution to be observed is to permit the solution to flow in 
slowlj under a slight gravitv pressure and to stop as soon as the 
patient complains of pain in the kidnev The fluid lev el in the con 
tamer from winch the solution flows is a safe guide Is the pe]M> 
becomes filled this lev el becomes stntionarj 

The outline of the kidnej pelvis as obtained b} this method 
vanes greatlj The normal pelvis is somewhat hlv shaped with the 
ureter corresponding to the stem The pelvis presents a more or 
Jess rounded border with which the ureter blends on its inner margin 
Arising from the outer margin of the pehis there is a variable 
number of processes projecting into the kidney substance the 
major calices from the tips of which anse further small projections 
the minor calices There is great vanabihtv m the shape and size 
of the kidnev pelvis One ina> «;ce a small globular pelvis with 
short calices or a large extensiveh branched pelvis with the tips 
of the cafices vre/! out in the kidnej substance 

Incomplete filling of the pelvis raav be the result of spa<!m a 
common cause of which is too rapid distention with the opaque 
medium Pressure from enlarged adjacent organs and extrarenal 
tumors inav also prev ent complete filling The film ma> show no 
solution m the kidnev a small irregular hazj shadow or what 
appears to be a roarkedlj doformcil pelvis Reexamination with a 
more gentle technic will demonstnte whetl tr one is dealing with 
spasm or an organic lesion 
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The Jsobshty of the hidney maj be determined b/ an examina 
tion following pyelography in both the supine and the erect posi- 
tions This examination is also useful for the recognition of ureteral 
kinks 

Intravenous Pyelography permits visualization of the kidney 
pelves ureters and bladder It 15 a simple procedure which can be 
done in any roentgen ray laboratory, and furnishes m many cases 
all the Information necessary in regard to the conditions present 

Contraindications are severe liver disease or 10dm sensituitj on 
the part of the patient 
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Films are made fi% e fifteen and thirtj minutes after the intraven 
ous injection and often an hour or more later according to the rate 
of excretion 

The visualization of the pelves and ureters is often equal to that 
obtained by retrograde pjelographv A valuable part of this method 
of examination is the demonstration of kidney function The func- 
tional capacitj of each kidney can be estimated from the rate of 
excretion and tlie density of the pelvic shadows Excretion may be 
suppressed m the kidney abov e a ureteral stone or follow mg trauma 
V stone which is not visible on the plain films may be suspected 
from the suppression of excretion in the kidney abov e it (Fig 233 ) 
Excretion may be delay «! in both kidneys or there may be com 
plete absence on one side only Siirfi a finding should be checked 
by the retrograde method Intravenous pvelography is an ideal 
method for the examination of children 
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The method ma\ fail to repeal the earliest e\idence of tuber- 
culosis or malignant disease asthedefo^nltlesthc^ produce are not 
so ob\nous as ith retrograde p% clograph\ The best \ isualization 
occurs Tvhere the kldne^ substance is actu el\ secreting and in ca^es 
of chronic obstruction here the d\ e is pr€\ ented from lea\ mg the 
kidnej 

Anomalies particularh the presence of multiple pehes and 
ureters are best demonstrated b\ this method as w ell as displace- 
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ments or aberrant tesseh and it helps to locahze and identift ques- 
tionable tumor masses m the upjier abtlouien 

Variations in detelopment are rclatitej^ common in the genito- 
urmarj tract Thekidnet pehes mat be small infantile branched 
or ditided The kidnet'S mat lie rotated displaced fused across 
the spine or one mat be absent A double pelt is will hat c double 
ureters tthich ma> fuse at ant point in their course or continue 
into the bladder as separate structures A double pehis should 
alwajs be suspected t\hen retrograde pjclographj shows onit a 
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small pelvis located to^\ art! dther end of a kidney shadow. They 
are less apt to be overlooked after intravenous pyelography. 

Horse-shoe kidney’ occurs from a partial or complete fusion of the 
kidneys across the spine The loner poles of tlie pelves and the 
ureters are displaced toward each other and occasionallv an extra 
peh is may be present in the central portion 
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Hydronephrosis.— HydronephroMs produces every degree of change, 
from blunting of the minor calicos to the formation of a large 
sac. These changes depend upon the site of the obstruction and 
the length of its duration With obstruction near the kidney, 
the characteristic early change is blunting of the minor calices. 
With obstruction near the bladder, on the other hand, dilatation 
of the pelvis and a certain amount of rounding of its outlme are 
the characteristic findings In the later stages of the process, both 
major and minor calices may disappear The opaque solution col- 
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lects m one large pool in the sic tihich la all that rera-iins of the 
kidnej At tunes tins sic tn%y Ime ‘seieril pockets cich one of 
which contains a pool of the solution This condition un\ not be 
ob\ious m the routine supine position but with the patient erect 
each pocket presents a fluid ItaeJ 
A moderate degree of hadroncphrosis is often «een during the 
course of pregnanca It disappears soon after deli\ er\ 


T c ‘’So — Tiif«et on of the lower rabx of the k doej 

The films maj gi\e an indication of the cause of tlit ob truction 
such as stone in the ureter kinks or dilatations It is possible to 
estimate roughly the amount of kidnei damage from the amount 
of solution thepehiswill hold Ani'thing under 20 cc ma% be con 
sidered normal 

Pyonephrosis —In inflanimaton conditions the jirmcipal tinnge 
isintliecahces riiej arelikeli to show irregular moth-eaten edges 
and an increase in length and width In the liter stages tht\ ina\ 
show rounded dihtations at their extremities The form of the 
peh IS I anes according to the amount of destruction of tlie kidnei 
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substance and the degree of distention of tlie peh is Onbnarilj the 
pel\ IS is contracted rather than dilated 
Tuberculosis —Tuberculosis begins as small abscesses in the hid 
nej substance which maj remain discrete or unite and connect u ith 
the pelvis The roentgen findings depend upon the stage of tlie proc 
ess Plain films m long standing cases maj show a finelj spotted or 
rose petal calcification in the kidne> substance Pj elographj m 
early cases uill show nothing or perliaps a slight irregul'irit\ of one 
calix or a small abscess eavitj connecting with it As the process ad 
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\ances more deformity occurs in the pelvis until m the late stages 
it takes the form of an irregular mass surrounded by multiple 
j?2?5£‘£isyes The vreter }S}n\t^\ed vi the raoTe advanced esses An 
early sign is a stiffening of the loner portion and a straightening out 
of the curve above the bladder so that the affected Side mo^ es near 
themidline Latertheureterbecomestortuous irregular m outline 
and ma} show strictures 

Tumors —The benign tumors of the kidney are cjsts and ade 
nomata The latter may occur ary^nhere m the kidnej substance or 
n ithin the kidney pelvis 
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The malignant lesions are* (1) adenocarcinoma of the kidney 
substance, (2) papillary epithcUoma of the peUis, (3) hj-per- 
nephroma (from a true adrenal rest); (4) embr:.onal or teratoid 
tumors of various tj-pes. Perhaps the most interesting of these 
is the Wilm’s tumor, an embr} onal mixed tumor, usuallj* a mj'xo- 
sarcoma which is quite sensitixe to irradiation. 



Fio 237 “Tuberculosis of the kujney Note the jrregulnr nreas of caleiCcsnoii 
scattered tbrougb the kidney substance 

The kkhiei ina.t he deformed or invaded by tumors aching in 
adjacent organs, such as the adrenals and retroperitoneal glands. 
Tlie deformity producetl b\ a kidney tumor depends upon tlie size 
and location of the grottth. Tlie characteristic picture is an oblitera- 
tion of a portion of the pcKis with its corresponding calices The 
kidney shadow maj shott a localized enlargement or a lobulated 
appearance Tumors or cjsts in the kidne% substance maj beotcr- 
looked until they reach a size suiTicient to deform one or more calices 
In the earlj stages, carcinomata usually manifest tliemscUcs bj a 
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deformitj of a single calix When a large part of the kidney is in- 
^ olv ed, the peh is may be reduced to a small mass from which strands 
of opaque material extend outward into an enlarged kidney area 
This latter tjpe of growth must not l>e confused -with polycystic 
kidney 

The epitheliomas of the pelvis are usually warty outgrottihs aris- 
ing from the pelv ic mucosa They produce a deformitv in the py elo 
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gram which has the size and ^ape of the tumor mass, they are 
usually not visible m plain films but in some cases a deposit of cal- 
cium salts appears upon tbe surface of the tumor and is seen in the 
roentgenograms as multiple dense shadows resembling stones The 
kidney pelv is may , or may not, be dilated 
Blood clots in the pelvis of the kidney may deform the shadow 
in such a way as to surest a tumor Pressure upon the kidney 
from enlarged adjacent organs, or extrinsic tumors, may prevent 
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complete filling of the peKis and tins appearance maj simulate 
that of tumor 

Adrenal tumors, if the\ are sufBcienth Hrj,e tin t a flattimiig 
or defonnit% of tlie upper caljccs Small tumors of the adrenal 
cannot be demonstrated on routine films hut the Carelli methotl of 
injecting 200 cc of air into the ljdoe\ bed brings the entire fjdnc% 
and adrenal into striking relief and amII M->uali7e small mas es uliich 
othen\ i«e ould be o\ erlooked 



tiQ 239 — Iloentgenoerani ttiowing deliwuuty o( ll e ti<Inc> pel i» duo to d large 
hyperneplvoma 


iVeiiroblastoma occurring in or aliout theadrenal in cluldrcn causes 
characteristic lesions in the skull peh is and long hones 

Polycystic Kidney — Ci'stsmaN simulate tumor m appearance due 
to pressure upon the cahees and pthis In pol\c\stic disease the 
cahees are con\crted into long finger like processes which extend 
outward from the pehis and the pcKis niQ% be encroachetl ujxin 
to a certain extent Usuallj the rounded impressions of theej-sts 
can be seen oxerinng the cahees am! pehis The procc^ is almost 
imanahly bilateral 
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Single cjsts in the kidney substance inaj give no eMdence of 
their presence w hen they -ire small As thej enlarge thej produce 
a local rounded enlai^ement of the kidnej shadow with perhaps 
a slight compression of the adjacent calices Thev may attain 
considerable size without inudi de/ormit\ ofthepehis Thev are 
best seen when thev occuratthelowerpole When they occur with 
in the pelvis thev cause round smooth defects (Fig 241) 
Pennephnc Abscess — The roentgen findings in this disease depend 
upon the size and position of the abscess and upon the direction in 
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winch it spreads UsualK the outline of the aftected kidnej is lost 
and when the spread of the infection is downward the outline of the 
psoas muscle on the same side is also lost Not infrequentlj there is a 
curvature of the lumbar spine theconcavitv being tow'ard the lesion 
Wlien the spread is upward the diaphragm 15 involved respiratorj 
movements are absent or limited and the position of the diaphragm 
IS higher than normal 

Traumatic lesions of the kidney are of more frequent occurrence 
than in tlie past probablj due to the increasing use of the automo 
bile The roentgen exammation maj be of considerable help in 
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amMng at a correct diagnosis m the subacute and chronic stages 
of the lesion itisof less^aIueattlietimeoftheinjiir\ The roent 
gen findings will ^ ar\ with the t\ pe and extent of the mjur\ The 
plain film rDa\ show loss of kidne\ outline on the affected side or n 
disphced kidne\ IMien a contrast substance is u«cd a ma':? or 
blood clot m the kidne\ peU is raa\ be demonstrated or the opaque 
substance ma\ be ‘‘oen to ha\e parsed into the kidne% sub tanc-e at 



Fio 4 cjst of th« L daoy pel is Note (!>« Touodrd Bbadow of d m n sbed 

dens ty mfb n tbc lidnei pcins 

times e%en out'sule the kldnc^ In the acute stage the mtra\eno is 
examination will show absence of function on the injured side 

THE UBETEES 

The course and condition of the ureters can be demonstrated 
either b% iotra\enousorrctrogradepielographj 

Intra\enous p\elographs has the following adiantages (1) the 
ureter lies m its true course an 1 does not conform to that of the 
rather rigid catheter *0 that elmnges in diameter sml irregularities 
of outline are clcarlv demonstratcil and (2) apparent kinking due 
to pressure from the tip of the citliettr does not occur whereas 
true kinks are easil\ recognized 
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The course of the ureter is downward across the transverse 
process of the 1 imbar vertebra and sicro il ac ]Oint to the pehis 
It then cur\es inward and forward m the direction of the bladder 
There are four points of narrowing where stones tend to lodge 
(1) the uretero-peI\ic junction (2) where the ureter crosses the 
iliac vessels (3) near the junction of the ureter with the bladder 
and (4) tlie papilla within the bladder Stones are found most 
commonlj. at the uretero pel\ic junction and just outside the blad 
der Thej are easilj overlooked if lodged near the iliac vessels 



F o 242 —A calcified mesenteric gland euggeet eg a stone n the ureter 


because their shadow s are superimposed upon that of the sacrum 
Thej maj be projected free of tl e sacrum bv a change m the post 
tion of the tube 

Anatomical variations occur the most common of which is mul 
tiple ureters The ureter maj arise from the posterior or lateral 
borders of the kidnej The lateral position is common in horse shoe 
kidnej A posterior attachment is due to a congenital failure of 
rotation Irregularities m oiitl ne are generally the result of infec 
tion Tuberculosis is perhaps the most common cause and first 
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appeare m the Jo^er portion of the ureter whicli is stiffened md 
straightened Dilatation is generally due to obstruction witlim the 
lumen of the ureter butma\ he the result of evtrinsic pressure from 
pel\ ic tumors or adhesions It also occurs m pregnanc\ Extreme 
dilatation sometimes occurs la aihanced stages of carcinoma of the 
uterus and occasionall\ m peU ic mfections Di\ erticula ma\ occur 
in the lower portion of the ureter and nn\ contain stones 


Fio ”43 — Larce calciJu* la dQsted urelpr Tbo dflated ureter is tnude vu blc by 
th« injeetioD ol opsHue on 

The shadow of a iriTfmr/eaitnAy nroiTrforeAjng^ted sad ssaa?- 
uhathazt in outline and densits Its long axis lies in the direction 
of the course of the ureter Shadows which ina\ be confusetl with 
ureteral calculi (in addition to those alread\ enumemted) are 
hjpertrophic changes m the xertebra and pehic bones arterio- 
sclerosis of the peUic irtencs calcified fibroids calcified oxxincs 
dermoid cjsts and phlcbolith^ 

Phleboliths ptxxluce small cirailar sharph outlined shadows 
generall' multiple occurring in the pelxis in the region of tiie i dual 
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tuberosities TJiej are the result of cahi&cAtion m thtomhi occur- 
ring on the distal side of the valves in the plexus of veins in the 
pelvic cellular tissue They are common findings, and are fre- 
quently mistaken for ureteral calculi The distinguishing charac- 
tenstics of a calculus are (1) it is not sharply outlined, (2) it is 
more likely to be oval than round, and (3) it lies in the course of 
the ureter above and internal to the area nhere phleboliths com- 
monly he Furthermore, phleboliths seldom occur singly 

If there is any doubt m the mind of the examiner, the patient 
should be examined ^\ith an opaque catheter m the ureter, or an 
intravenous pyelogram made Oblique films may then be obtained 
with the patient rotated so that the opposite hip is raised off the 
table These will determine the presence or absence of obstruction, 
as 'V. ell as the relation of the suspected shadow to the ureter 

Kmks in the ureters do occur and are usually due to aberrant \ es 
sels below the kidnej peKis However, not e\er> constriction m 
the ureter is due to kmking Serial films show that there are definite 
peristaltic waves in the ureter and that apparent kinks seen on one 
film will disappear a few moments later There is often an apparent 
kmk m the ureter an inch or so below the peKis when the patient 
takes a deep breath The diagnosis of kinking should not be made 
when the ureter is deformed by the upper end of a rigid catheter 

Ureterocele is a st like dilatation of the lower end of the ureter 
which protrudes into the urinarj bladder, and vanes tonsidcrablj 
m size Thej mai fill a considerable part of tlie bladder thev are 
best demonstrated bj filling the bladder with air or an opaque sub 
stance The cj st w'lii then appear as a smooth rounded mass arising 
from the bladder wall 

Small cj sts of the mucous membrane of the unnarv tract may 
occur, they are usually multiple and when they involve the ureter 
present a striking appearance m the roentgenogram The injected 
ureter appears to be filled with small air bubbles 

THE BLADDER 

The outline of the partiaTfy filled bladder can be made out occa- 
sionally in a pelvic roentgenogram It can be readily visualized 
by filling It with air or opaque solution Stones in the bladder are 
occasionally overlooked because a large percentage of them are 
urates Important characteristics of bladder stones are (I) thej 
are of fairly large size (2) they are oval but sometimes laminated 
and (3) thcj lie with their long axes transverselj in the pelvis and 
tlieir position changes w ith change in position of the patient 
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The bladder maj be outlined b> opaque $olution or b\ air 
Large dn erticula can be demonstrated as a rule 'ifter a moderate 
distention mth opaque solution or a partial inflation with air 
Trabeculation of the bladder trail is sometimes ti«ible particularK 
along the sides In some case it is possible to fill the ureter and 
e\en the kidnej pelvis with opaque solution bv slight overdisten 
tion of the bladder This method may be used in cases w hen cathe- 
terization of the ureter is impossible and is particiilarh adaptable 
to children 

Congenital abnormalities such as hour glass bladder and patent 
urachus are sometimes found The latter appears as a thin dense 
line eTtendmg upward from the bladder toward the umbilicus 

Tumors maj be sufficiently extensile to produce defects in the 
shadow of the opaque solution TTie best method for their demon 
stration and one that is equalK useful in the case of stone is to in 
Bate the bladder with air and obtain stereoscopic films \n enlarge- 
ment of the prostate gland can be demonstrated In inflating both the 
bladder and the rectum with air A deposit of calcium m3> occur 
upon the surface of bladder tumors or it ma\ appear w ithm the 
tumor itself In either case the tumor can be demonstrated 

TK£ MALE GEinTALS 

Small multiple calculi occur m the prostate 8ndma\ be mistaken 
for urmars concretions Hie ^as deferens and seminal vesicles 
when injected with opaque solution max appear distorted as a 
result of inflammation Stones or foreign bodies m the urethra if 
sufficientlj dense max be visualized 

The course and outline of the male urethra js u elJ demonstrated 
b\ the injection of iodized oil or an opaque solution with the patient 
supine and rotated 4o degrees to one «ide The bulbous anterior and 
contracted posterior portions are «een and stnetures fibtute or 
diverticula become evident 

Caremoma of the prostate is usualK not distinguishable from 
benign prostatic hvpertrophv but its metasta«es are cliaracteristic 
The metastases are usiialh of the osteoplastic tvpe and are s*» 
heavilj calcified that thej produce a cottonj orwoolK appearance 
in the affected bones which are usuallv pelv is epme and nbs 

THE FEMALE GENITALS 

Calcification is frequentlj seen in fibroids m the form of round 
irregular dense masses often multiple and occupv ing anv portion 
of Ae pelvis In rare cases the ovanes mav be calcified Thev 
appear as oval flattened spongv masses suggesting glands Ivmg 
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jntennl to and abo\e the ipme of the ischijun The' hernia 
taken for ureteral calculi \\itli pneiimopentontum it 13 po^bible to 
outline the uterus tubes and oaaries \ir nn' be injcctcrl into the 
uterine ca' itj , in order to determine the patenc\ of the Fallopian 
tubes 

The injection of lipiodol to outline the uterine ca\it\ and deter 
mine patenc\ of the tubes is simple and positive The normal 
shadoir of the bodi of the uterus is small and trnrifntJar uith thm 
tortuous tubes leadin" av\ a\ from the upper corners If an excels 
of oil lias been introduced a few droplets will be 'sten below tic 
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tips of the tubes Displacement or distortion of the boch its carh 
enlargement in pregnancx ocdusion of tubes and their dilatation 
in chronic «alpmgitis are denionstrabk 
Roentgenologi is comm;? into inercasctl use in prepmnev IJie 
\ague shadow of the fetus max be "cen in faxonble subjects ns 
earh os the twelfth week and a definite diagnosis “lioiild alwais 
be possible b\ the eighteenth week The patient should bt 
examined in Iwtli j rone and supine positions Using the ohorte^t 
lK)«sible exposure tune to stop all motion of mother and child when 
•searching for an earlv prcgnancx The size and position of the 
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fetus IS ell sho’iN n Multiple pregnancies are e\ ident 1 he location 
of the placenta nia\ be titmonstrable In a small senes of cases it 
has been possible to diagnose jntra uterine rleath from ov erhppmg 
of the skull bones and shrinkage in size of the fetal head before it is 
engaged m the pelvis Anccphalic monsters ha\e been outlined 
In one case of Siamese tnins the heads ta> close together on the 
same level whereas the heads are reversed one up and one down 
or considerably separated in the usual twin pregnanev 
Cliffords tables of the relation between the occipitofrontal 
diameter of the infant s head and its weight are useful ui determm 
ing the weight of the fetus tii i (ero The mortalitv under 5 pounds 
IS 30 to oO per cent while between 5 and C pounds it is Jess than 3 
percent For this reason theweight of the fetus ma\ bcof consider 
able help in deciding when a pr^anev ma\ be safeh interrupted 


A ? d an of iku V| n tn« n 

0 cm » *h 

9 5-10 3 lb« 

10 0-10 5 3 Ib9 

10 5-11 0 4 lU 

n 0-n 5 5 Ihs 

11 5-12 0 C lbs 


«» eJ * 

3 lbs S oz 

4 lbs 4 os 

5 lbs 4 02 
S ths 8 02 
7 lbs r 02 


(IVjth an anteroposterior diameter of 11 tlie transverse diameter 
IS close to 0 i> ) 

These figures ate taken from direct nveasureuvents and the diame- 
ters as recorded on the roentgen rav films must be corrected for the 
magnification due to the distance of the fetus from the film 
There are several methods of peK imctry in use One of the earliest 
m this countrv w ns suggested by Thoms and improv ed hj Bow en 
These rely upon measurements taken from a set of stereoscopic 
films A simpler method suggested by Afolov requires a modifica 
tion of the optical system of the ordinary stereoscope so that a 
ruler may be held upon the combined image and direct ineisiire 
roents of the pelv is and skull read off at once 
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FLUOROSCOPIC TECHNIC 

It should not be forgotten that most of the injuries receued by 
the early ^^orkers in roentgenology were due to the use of the 
lluoroscopc \\ hile the chief sources of danger m fluoroscopy have 
been renio\cd, great possibilities for hann still remain 
Dangers to be guarded against are 

1 Electrical discharges from the high tension circuit 

2 Roentgen ray injuries to the patient 

3 Roentgen raj injuries to the operator 

1 The hazard of contact with the high tension circuit is largely 
coiicernwl with the tjpc of apparatus and the tDanoer in nliich it 
19 installed In nio<lcra shock proof apparatus tius danger has been 
eliminated and tlie following paragraph does not apply to its use 
In other of apparatus, and particularly in those operated 
from a separate transformer through an o^e^head svstem of wires, 
means should be provided making it impossible for any one to 
approach within striking distance of the wires This is most easily 
accomplished by enclosing all high tension conductors w Inch may be 
located less than 7 feet from tlie floor with a barrier, which pre\ents 
access to the wires and allows at least a C-inch air space between it 
and the leads 

Not more than one piece of this type of apparatus should be con 
nected to a transformer at the same tune All changes m the high 
tension connections should preferably be made b\ o\ erhead sw itches 
Lacking these, a single pair of leads should arise from the trans 
former and be attached to nbateier piece of apparatus is to be used 
leaMng e\ery thing else dead Cord reels should always be kept 
m order and replaced at once if broken Wires attached to o%er 
head cord reels should not be permitted to hang lower than 7 feet 
from the floor, and higher if any mefaific apparatus or mat'enaf is 
likely to come within G inches of them at anv time This pre- 
caution IS particularly important m fluoroscopic rooms because 
m the dark one never knows where a dangling wu-e may be 
Small bedside and other self rectifying units which are now in 
general use are more dangerous than resistance-controlled outfits 
"ind corresponding care should be taken to make sure that contact 
with the leads is impossible Quick acting circuit breakers should 
( 342 ) 
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be installed on all equipments which Iia\e no resistance in the pn 
^la^^ circuit 

2 Danger to the patient from roentgen ra\ <5 w iH be minimize<l b\ 
the taking of sufficient time in the dark room to secure complete 
accommodation, bj using low milharoperage, ba making allcTamina 
tions as brief as possible and ha using the smallest possible dia 
pliragm openings 

In thea\eragefliioro’'Copeaaitha 12 inch target skm distance, and 
1 mm of aluminum bctaa een the tube and patient, using 3 to 5 mil- 
hamperes, the e-’qiosure to the patient's skm is about 0 to 10 r per 
minute This means that a fiae minute CKamination, which is 
ample for anj case, will result in the patient receiamg less than iV 
of a skm dose If films are made subsequcntia tins amount mav 
be doubled or trebled 

3 Roentgen injury to the roentgenologist i> due largely to lack 
of training and carelessness One who is con«eraatiae and careful 
ne^e^ exposing himself to direct raas aaithout an opaque coacnng 
who minimizes his exposure to secondara radiation, will not be con 
scious of anj efiects from the work after a ears of exposure 

On the other hand those who insist upon wide-open diaphragm 
and the use of the unprotected hands m palpation beneath the screen 
will surela regret their carelessness It cannot be too stronglv cm 
phasized that permanent injuries do not iisunlla appear until se\eral 
a ears after the exposures responsible for them It is w ell to acquire a 
conscience which will not permitan unnecessary moment of exjiosure 

The effects of oa er-exposure to radiation arc, in the acute stage 
itching, burning and eiythema coming on from a few dajs to 
three weeks after exposure, and in the sc'ere cases aesicuhtion and 
perhaps ulceration The chronic effects which maj appear without 
a definite erjthema eaer baaing been noticed are itching and 
tingling of the skm, numbness, brittleness of the finger nails, reces 
Sion of the skm from the nails, blepharitis, telangiectasis and 
atrophy of the skin, an<l in the later sta^, keratosis and roughening 
of the sktn which breaks donn leadili upon shght injuri Tliese 
hte effects usualla appear m from three to ten aears after exposure 
It should not be forgotten that some of the earlier w others who 
used little or no protection died of aplastic anemia 

EQUIPMENT OF THE FLUOROSCOPIC ROOM 

The first essential m the fluoroscopic room is that it should be 
light tiglit when in use, for small cracks and leaks, in addition to 
detracting from the faint image on the screen, gi\e rise to xer.\ 
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troublesome reflections from its glass surface The room should be 
suflicientlj large to permit free passage about the apparatus, and 
should be ^\ell ventilated, tlie smaller tlie room the greater the 
necessitj for \ entilation 

A small table nr shelf should be provided to hold gloves records 
and opaque meals If the operator eapccts to spend much time m 
this room an extension telephone i*, useful 1 he room should be 
provided v\ ith an equipment for giving encmata 
Fluoroscope —The tilting fluoroscopc which permits vertical, 
horizontal and intermediate positions is an ideal arrangement In 
gastro-intestinal examinations it la important to examine the patient 
both m upright and horizontal positions and it is easier to complete 
the stud} on one piece of apparatus than to shift the patient, foot 
switch and high-tension current from one fluoroscope to another 
A Biickv diaphragm beneath the fluoroscopic screen increases 
contrast and is of great help in the observation of 6ne details 
Means should be provided for the taking of spot films with the 
patient m position on the fluoroscope This requires a switch to 
change the settings on the transformer and means for shifting cas- 
settes rapidlv 

rUameot Control —Tlie control for the filament current should 
be located conveniently close to the handles operating the shutters 
A milliameter in the high-tension circuit is essential, and should be 
so placed as to be easily read when the room is lightei! and if pos- 
sible, should be illuminated by a famt light visible at all times 
Lighting —The room should be lighted by a fixture which contains 
one white and one red electric bulb The red lamp should be 
connected with the foot snitch which extinguishes it at the same 
time that the tube is lighted Hie white light should be controlled 
by a separate switch, preferably in the wall 

Overhead Circuit —Protection of the overhead circuit has already 
been considered It should be substantially supported and to avoid 
corona, should consist of rods or tubing at least * inch m diameter, 
with no sharp right angle turns and no sharp points Spots which 
show corona should have large metallic masses placed about them 
It should preferably be shock proof throughout 

PROTECTION 

Modem fiuoroscopes are usually well protected that is, so well 
lined with opaque matenal that no roentgen light is allowed to 
escape from the tube in any direction behind the shutters However, 
it IS an excellent idea to test the fluoroscope occasionally This may 
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easjK be clone b\ passing a loose fluoroscopic or mten iIn ing screen 
all around the apparatus at a distance of 2 or 3 feet \\hile it is m 
operation vrith shutter closed There should be no light «ccu upon 
this test screen behind the plane of the surface upon which the 
patient rests In the same wa\ a loose screen should be held m 
front of the lead glass on the m^tnimcnt during examination of a 
patient to determine its opacitx If an appreciable image cornea 
through to the second screen an extra sheet of lead glass shoul ! 
be added or the faults one returned to the manufacturer 
There is alwaes a certain amount of radiation being given off in 
all directions from the patient during exposure— scattered and 
secondarj rajs In order to properU appreciate thtir intensitv 
an extra screen should be held bj the patient s side at different lev els 
during the examination One unaccustomed to it vviH be startled 
at the amount of radiation which proceeds from the patient when 
the diaphragms are wade open Lpon closing the shutters this 
scattered radiation will be seen to prognssivelv dimmish until bv 
the time the luminous area on the screen in front of the patient has 
been reduced to a 2 inch square it will have practicallj disoppeart i 
This striking demonstration of the variation in secondar' radi i 
tion with the size of shutter o^ienings should cause one to acquire 
m the beginning the habit of working with the smallest ix>ss bU 
illuminated area A chair w ith a lead facing w hich cov er^ the roer t 
genologist 3 chest and abdomen as he sits before the ujinght fl loro- 
scope should be included in everv fluoroscopic outflt 

Lead GIotcs —No matter how httlc fluoroscopv one doej> he cai 
not afford to work without opaque gloves He slould no more 
think of doing fluoroscopic work without gloves than he would of 
handling caustics w ith unprotected hands The fact tl at the roei t 
gen imtant is unseen and unfeJt at the tune should make one all 
the more cautious in dealing with it 

Gloves can be kept in good condition bv propping them open bv 
wires and phetng them m front of a fan irJien not m use and 
dusting them witli talcum powder before putting tliem on again 
A mitten constructed of a heaw grade of lead rubber simply a 
sack large enough to enclose the entire hand with no partitions for 
thumb or fingers is verj comfortable It airs itself well afforda 
complete protection to the hand and permits sati facton palpation 
Wooden Spoon — A v erv satisf-ictorv palpating tlev ice consists of a 
flat board with a rounded tip outlined bv a lead wire earning u 
protectiv e shield of lead into whidi the hand fits 
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Lead Glasses — glasses are valuable fur the pre%ention of 
marginal blepharitis but are necessary 

Lead Aprons — Lead aprons are Iicavy ind uncomfortable but 
are essential and should ilna\s be worn Unless tliej are heavy 
thej are useless 

Accommodation —One of the most neglected but the most ob 
\iou3 preparation in fluoroscop\ is the acquisition of adequate 
accoinnioilation requiring ten to twenty minutes m total larhness 
In large clinics where se\ era! cases are I eing examined m succession 
it IS relatn clj eas\ towaittbenecessars time at tlie beginning of the 
session But when it is necessary to examine a chest m the middle 
of a croyyded afternoon this preparation will always be slighted 
One who IS called upon for such examinations should do routine 
ofllce y\orh in a room that is as dimly lighted os possible Direct 
sunshine should he particularly ayoided The wearing of tinted 
glasses will not interfere with ordinary yyork and it will he found 
that after haying worn them yery satisfactory accommodation 
may be acquired in a few minutes m the dark room The color is 
not particularh importint although re<ldish or orange tints gne 
a slightly greater sensitivity to the greenish fluorescent screen 
Testa for adequate accommodation are 

1 Tile recognition of objects under the red light m dimly illu 
minated corners of the fluoroscopic room 

2 \ isualization of the dial of a luminous ivatch m the dark 

3 TJie color of the fluorescent screen 

^\hen accommodation is incomplete it will be found that the 
screen shows a greenish hue m areas where the light strikes it 
without going through the j atient This color is replaced by a 
bluish w hite light w hen dilatation of the pupil has occurred 
Secondary Current —Under no condition should more than 5 
inilhamperes be used on the fluoroscopic tul e and then only for 
unusually heayy subjects The ordinary current for routine work 
should not exceed 3 railliamperes 
Diaphragms are usually controlled from the side of the screen 
and permit of anv rectangu/ar pattern 
In view of the great increase in secondary radiation when the 
shutters are y\ide open the luminous area on the screen should 
always be kept as small as possible It should not under any cir 
cumstances be permitted to approach closer than 1 inch to the 
margin of the screen In the study of the stomach a square 4 
inches in diameter is ample Tor the esophagus a long yertical 
slit IS best and when watching the diaphragm a narrow transverse 
band of light 
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An additional ad^antage in the use of minimal are is is tlie 
brightening of the image which occurs— the narrower the beam of 
the roentgen rais, the fewer s«ittcred fils's arc prcnfiiccd to cloud 
and dimmish the real image 

^\^len the screen is moaed awaj from the patient toward the 
operator, the image is magnified and becomes le«s intense but the 
contrast is increased due to loss of the effects of eecondar\ and 
scattered rajs This is often a useful manenaer in the ob«cr\ati in 
of outlines which are somewhat indistinct in the routine exaraina 
tion An adaptation of the Bucki principle is faiored bi man' 
workers It gues increased contrast and when properU adjustii' 
the grids are not s isiblc 

Rapidity of Work —The beginner in fluoroscop' ilwai’s works 
with too large shutter openings, and continues e'l'iminations an 
unnecessarilj long time He should coiistanth strise to keep bis 
luminous area small and particularfv to speed up liis obserMtion 
A few seconds inspection will usuallj gi\c all the information t > '» 
acquired from the screen In the observation of continii 
processes such as digestion the light <Ioe;> not need to remin 
during tlie complete examination Short, repeated observati i 
with intervals during which slowU progressi\e movements rni 
occur, or during whidi the patient raaj be palp-ited or changeil 
position, irill gne the same information as continued obeemti 

FRACT0RES 

The fluoroscope is again coming into Use /or the observation f f 
fractures, particularlj m their manipulation pi-ev loua to fixation 

In the pnmarj diagnosis, the screen is not to be relied upon since 
well-defined breaks m bones may be overlooked if tliere is no dis 
placement,or if the plane of fracture makes anangle with the central 
rajs However, once the presence and clnrncter of the mjurv has 
been established bj films the screen is of great help in determining 
what maneuvers give the best position Prolongeil observations 
are not nece'^sarj, and should never lie made during manipulation 
as at this time it is impossible to adequatelv protect the hands of 
the operator A technic which is easih acquired, and which gives 
satisfaetorj results without exposure of the hands of the operator, 
consists of a short observation after each maneuver has been com- 
pletcvl and the hands remov ed from the field 

If an anesthetic is used for tlie reduction, care should be taken 
that tlie room is well ventilate*! dunng the procedure, and if ether 
Is Used, that there is no possibihtv of sparks ixxrurrmg in the room 
particularlv below the lev el of the table 
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The use oE apparatus not <leaigne<t cspecmlh for Iliioroscopic 
w ork increases the hazard both to the patient and to the operator 
The shock proof type of bedside apparatus is especially dangerous 
in untrained hands, as it pennits a very close approach to tiie 
source of tlie roentgen rajs 


FOmCN BODIES 

It IS important to realize that many foreign bodies do not show on 
the screen Materials such as n.ood and glass may be missed even 
m thin masses of tissue such as a finger Metallic objects will 
show if of sufficiently large size Tine fragments, pins and needles 
are usually not \ isible if they are located m tissues more than 1 inch 
in thickness 

Tor the localization of foreign bodies, simple metJiods are the 
best Tour methods which proved satisfactory in military service 
will be described In the first three, the patient should be placed 
in the same position in which be will he on the operating table 
while the foreign body is being searched for 

The first and simplest method consists of exploring the patient 
sy stematiailly from head to foot with a fairly wide diaphragm open 
mg, closing the shutters down upon suspicious shadows until the 
foreign body is located Upon its identification, the luminous area 
is restricted to the smallest possible square above it, and a mark is 
placed upon the skin directly in line with the shadow of the object 
The patient is then rotated as nearly as possible at right angles to 
the first position, and a similar mark placed upon whicliever side 
is nearest the object This gives the surgeon two landmarks at 
right angles to each other, from which to work 

The second, and perhaps the best, method for extremities is to 
proceed as m the first method and place the first mark Then, 
beginning near the screen, intermittent pressure is made upon the 
skin lateral to the foreign body with an opaque tipped rod gradu- 
ally shifting the point of contact away from the screen and at the 
same time moving the source of ar light backward’s and forward’s in a 
plane at right angles to the movements of the rod until the foreign 
body shows its greatest excursion A mark made at this point 
where the movement of the foreign body most nearly corresponds 
to the movement of the palpating rod wiU be found to correspond 
surprisingly well with the second and lateral mark m the first 
method It is also possible to estimate accurately by this pro- 
cedure, the distance of the foreign body beneath the second mark 
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1 he third method requires *10016 adjustment of the tube and -shut- 
ters and 13 onU useful i\hcn one expects todo a certain ainoiint of 
foreign bodj work and is willing to take the neces-sir.'. troublt to 
prepare for it The shutters controlling the hteral margins of rhe 
field are opened partially ,and those which control the i ertical t xtt nt 
of the luminous area are opened to the limit of their motion 1 1 1 
produces a \crtical band of light upon the screen The disttmc 
between the margins of the i«tical shutters upon the tube b i\ t 
non meisurcd, and the position of the tube <0 adjusted tint thi 
target lies beneath the plane of the shutters a distance equal to tlic 
opening between them, and as uearK is possible midwn bctw(.'< 
them The screen must be <letaclicd from tlie tube iiid rtr 
stationarj upon the patient The u«e of this method is extrem 
-'imple First, the position of the foreign bod\ is centered 
marked upon the skin as m the other methotls the verticil sbutt r 
are opened to their widest extent, and the lateral shutters adju t I 
to give a vertical band of light 1 or 2 inches wide The tul 
shifted along the vertical axis of the patient until the extrem< 
of the lighted area bisects the foreign bodv The position c 
image is marked upon the screen at this point ^\ ithout disturl 
the screen or the patient, the tube shifted in the opposite diret t 
until the tip of the luminous oblong again bisects the foreign I 
A mark is placed at this point on the screen The distance betv 
these two marks 13 the depth of the foreign bodv beneath i 
screen If tlie screen lies in direct contact vvith the skin, it 
be the distance beneath the skin Otherwise, a correction inihi 1 
made for the screen skin distance 
So far, one skin point and thedepth beneath it hav e been rccordf 1 
It IS a simple matter to rotate the patient to anv desired po-.!!! i 
and repeat the proces- and, so secure several skin marks with tb ir 
corresponding depths This method is particularU useful for the 
localization of opaque objects in the skull anil trunk 
The fourth, bj far the most satisfactorv procedure is the operative 
removaf of foreign bodies under flooroseopic confrof The opera fiorr 
IS done upon the lionzonta! fliioroscojie A white light enables the 
necessary preliminarj arrangements to be made, after w Inch it is 
turned out, and the remainder of the work done under the red 
fluoroscopic light assi-'ted, perhaps bv a small clectnc lamp attachcil 
to tlie surgeon’s head or eameil bv a nurse After the incision has 
been made in the most favorable position near the foreign IkkIv, a 
clamp or pair of forceps is introduced and manipulated under the 
fluoroscope until it is seen to lie m proximitv to the shadow of the 
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foreign bodj The tip of the clamp is then moved slightly from 
side to side If the shadow moves with it the clamp is then close 
to the position of the foreign body and should be attached to the 
tissues at this point Careful dissection in this region will usually 
bring one shortly to the desired object^ although small foreign 
bodies may be so surrounded by soft tissue as to be unrecognizable 
when they are actually in the grip of the instrument 

If the shadow does not inov e with the clamp the tip of the latter 
should be raised to the surface of the wound then gradually de 
pressed at the same time being moved from side to side until the 
lateral mov ement of the shadow of the foreign bod> corresponds to 
that of the instrument Itotation of the patient to the side ma\ be 
of assistance It maj be necessirj to deepen the incision in order 
to allow the instrument to come in contact with the foreign bodv 
A variant of this procedure useful in small foreign bodies in the 
hand is to introduce two needles at right angles to each other 
which are made to touch the foreign bodj under fluoroscopic oh 
servation Then under ordinary light the surgeon worhs down to 
their intersection 

Skis Marks '-Skin marks arc best made with wa^ pencils or ink 
and after the white light is turned on a stick of silver nitrate 
should retrace the marks If a drop of developer is then placed 
upon the spot the mark will become relatively permanent 

In localization where the skm is loose skin marks, of course may 
shift considerable distances from their normal relation to the 
foreign bodv, and once an incision has been made the surgeon loses 
track of his landmark to a large extent so that all skm marks are 
at the best approximate guides only 


CHEST 

Examination of the chest is best conducted with the patient 
upright on the fliioroscope It may occasional!} be necessary to 
view an individual m the prone or supine position where pericardial 
or pleural effusion IS present or when he is too weak to stand One 
adv antage of the tilting screen is the ability to place a sick patient 
upon It horizontally and slowly elevate the head until he is prac 
tically in the erect position 

All clothing above the waist should be removed The patient 
should face the operator and should breathe in and out slowly and 
quietl} 

The examination is preferablv conductetl m a routine manner 
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One soon falls into the habit of looking at the patient in a definite 
sequence and the possibihU of o\erlookmg some detail is a\oidod 

A general sur\ e\ of the entire chest is made ith a fiirh n jJe 
djaphragm, care being taken to look for cilcified mas es m the neck 
(glards or th^TOld), contraction or clouding of the apices, areas of 
increased or decreased densit\ m the lung, mo^eIncnt of the dn 
phragm, and general size of the heart and aorta 

The shutters are nou partialK closed, and the apices exatniiiod 
one at a time and compared for radiabilitj, evpnnsion and (most 
important of all) expansion and lighting up upon cough To prop- 
erly bring this out, the patient's bead is rotited over one shoulder 
(the left for example) in order to dran tlie sternocleidomastoid 
clear of the right apex lie is instructed to cough MgorousK and 
the right apex is carefully watched If it is normal, it will be seen 
to expand slighth but definiteb , and tobecomemomentanly brighter 
than before 'Tlic same observation should be repeated upon tht 
left apex, with the head over the right shoulder and the resulting 
expansion compared witli that of the right This expulsion ii 1 
increased ndiabilitv of an npex upon cough is a vahnblc 1 it f 
evidence, as failure to expand is due either to activ c lung duea t r 
thickened pleura Normally the left apex expands viznewhst )r> 
than the right 

Tlie remainder of the lung fields jiarticularh tlie region of tlu 
interlobar ‘septa, should next be carefully studied and the tiw 
sides compared 

The movement of the dnphragm may now be investigated It 
should move equnllv on the two sides, and there should be no 
of one half liehind the other, ciUier wholly or m p irt Movabiiitv 
of the diaphragm is best brought out by normal respiration as 
the exaggerated movements of deep breathing mav mask sliclit 
inequalities 

Next, the costo-phrenic angle on both sides should be obscrv e<l 
to determme whether or not the diaphragm peels away freely from 
the parietaf p/eiira uni/er rAe cA^crniAngeo'ge tt/tAe fang; err srAetAcr 
the angle is obliterated by fluid or adhesions. Deep respiration 
should be employ ed for this purpose 

The central shadow should now be gone ov er from below upward, 
looking first at the heart , w ith an opening just large enough to include 
the entire organ One should o^rve the size shape, amplitude, 
regulantv, and, as far as possible sequence of pukition in the 
dilTcrent chambers 

The ascending de«ccnd»ng and transver^: portions of the aorta 



352 


FLUOROSCOPIC TECHNIC 


are nett in\estigate(l, noting size, position and amplitude of 
pulsation 

Finallj , the superior mediastinum is covered to rule out shadows 
which might ht due to thyroid thymus dihtcd blocxh essels, or a 
new growth 

The patient should now be rotnted about GO degrees to the left 
bringing tlie right shoulder forward against the screen, and note 
made of the diameter of the ascending ‘iiid transverse portions of 
the aorta The patient is requested to take a deep breath, and 
the posterior mediastinum, the thickness and position of the heart 
the condition of the bases of both lungs and the costo phrenic 
angles observed The patient may now be rotated in the opposite 
direction with the left shoulder forward and the heart, aorta and 
bases of both lungs gone over rmallv, he should be turned with 
his back to the evammer and another survey made of tlie apices, 
both before and after cough of the lung fields and the costo phrenic 
angles Observation of the patient turned at right angles to the 
evaminer is often useful 

The description takes ns long as the actual observation If one 
will accustom himself to such a routine the whole examination can 
be completed in a fen minutes and nothing will have been over- 
looked 

In the study of c irdnc cases it may be found valuable to incline 
the patient to the right and to the left, to demonstrate displacement 
of the heart and to observe its movement upon deep inspiration in 
the transverse position fracings also may be made to show its 
outline and position vvjth reference to the chest wall ind the dia 
phragm during inspiration and axpiration Such tracings are best 
made upon a screen which is fixeil with reference to the patient 
and does not mov e vvitli the tube Patient and screen must remain 
stationary during the examination The shutters are closed down 
to project a small illuminated area which is earned along the outlines 
to be recorded Dots are made upon the glass with a skin pencil 
at suitable intervals along this outline These outlines can later 
be transferred to thin jiaptr after the pitient has been dismissed 

GASTRO INTESTINAL EXAMINATION 

Fither single or double meals may be employed The double 
meal sav es one v isit and is the inetfiod usually emploj ed in large 
clinics Using this technic the patient takes along with his ordmarj 
breakfast, 1 ounce of barium sulphate stirred m water or milk 
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This drug should always be ‘specified as “C P for roentgcn-ra% u'ic 
to be taken mternallj,” 'when ordered on pre'^cnption, and hotter 
dispensed to the patient directK from the ph\sician's office in order 
to a^old the unfortunate and c^en fatal accidents which ma^ arise 
from the use of soluble barium salts 

The patient should report for obsenation hours after hrtak 
fast, ha\ mg taken no food or fluids in the meantime lie i<« pint * d 
m the standing position, a bncf sur\e\ of the heart and lungs is 
made, abdomen searched for possible residue m the stomach and the 
position of the six-hour meal detennined A mouthful of a barmni 
suspension is administered, and the examiner notes the manner n 
which the liquid outlines the esophagus and enters the stonuch 
Another swallow will be sufficient to outline the muco«al p-ittirn 
m the stomach which is carefuIK studierl under palpation for 
deformities or ulcer niches \ portion of the mixture ma% he 
pressed through the p\lorus to outline the first portion of the duo 
denum Spot films ma> be taken of aiij interesting areas Then tht 
stomach is filled w ith 0 to S ounces of the standard barium meal an 1 1 
careful search is made with a ®mall diaphragm opening for defter 
m outline in both anteroposterior and three-quarter oblique pos 
tions The patient is then placed honzontnlK upon his back thf 
cardiac end of the stomach carefullx gone over, and the ileum, cecuii 
and appendix palpated to determine their mobilitj , scparabilil' 
and the location of an\ tender points The patient is next turned 
face doirnward and the region of the e«ophagus irncstigated tor 
cMdenceof regurgitation through Ihecardia, or xances, it ma\ 
necessarx to administer one or more swallows of banum in this 
position 

The outline of the stomach is carefulb examined for defects and 
the progress and character of the peristaltic waxes studied on both 
cxinatures If the pxionc region and duodenum are well outlined 
their bebaxaor is ob^erxed Often it will be necessar^x to elcxate 
the patient’s left side so as to rotate the stomach clear of the duo 
denum which xxill then he between the stomach and xertebra. 
The anterior and posterior mai^ns of the gastric shadow are casib 
obserxed m this position, and the pxlonis and duodenum are well 
seen in profile 

The examination should lie continued initd the examiner ts 
satisfied as to w hether or not there are defects in gastric or duodenal 
outline or peristalsis The relation of an^ unu«ual masses of opaque 
material to the stomach and duodenum should be detcnnine<I bv 
rotating the patient, ot In fiirtlier obsenation-! Thoroughness 
23 
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js esseiitja) If tJicre js tJie least ilotibt jn the examiners mint] 
regarding the findings the examination should be repeated Filnis 
should atna^s he securcil if possible, to chech the screen findings 
and for a permanent record 

In cases where disease of the small liowel is suspected or in 
which there is iinexplaincf] bleeding the passage of the barium mcil 
through this part of the gastro-intestinal tract should be follow ed 
The time at winch the obscrxation should be made will depen 1 
upon the rate of moxetnent in the case being studied usiialK obser 
Nations at fifteen minute intervals are necessarx during the first 
hour later half hour or hourly inicrxals are sufficient manvexent 
the obserxation should be contmueil until the head of the barium 
column has entered the cecum 

The next obsenation should be txxentj four liours after the first 
This often gix cs x aluable information corroboratix e of that obtained 
at the first obsenation and should not be omitted The position 
of the meal and the mobility, position and tone of the colon are 
mxestigated 

To complete the examination an enema should be given for 
which the patient sliould be prepared b> a thorough cmptjing of 
the colon The same barium malted znilh mixture used for the 
meal is employed slightly warmed The tube is inserted with the 
patient Ijing on his side He is turned on his back and the enema 
allowed to flow m from a xessel two to three feet aboxehim The 
progress of the fluid is carefully w atchctl and w hen it reaches the tip 
of the cecum the tube may be remoxefl The positions of the 
pelvic loop at the beginning and after complete distention are 
noted Oxerlapping shadows and loops are separated as well as 
possible bj rotating the patient to one side or the other or bj pal 
pation Defects dilatation and dixerticula are searched for 
and the competence of the ileocecal xalxe noted Occasionallx 
the appendix xm!1 fill bj enema when it lias failed to show 
with the meal It should alwn-s lie looked for when the cecum 
ispalpateil Ileexammation after exacuation of thecnema max help 
f.S' m’TOxlwate -w-ud rs the time xv wJ-xinb to 

stud> the mucosa of the large I owe! it should he done as a routine 
In some cases inflation with air after txaciiation of tlie barium will 
proxe helpful No roentgen tramination of the gastro-zntestiiial 
tract should be considered complete until observation has been made 
immediatelj , six hours and tweiitj four hours after taking the 
barium meal and until a barium enema Ins been given Several 
films should be taken to ched^ the fluoroscopic findings and for 
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purposes of record Am thing le^:» is unfair to the patient, to the 
phj sician, and to roentgenolog\ The more one «ces of this \\ ork 
the more he ^ill realize that accurate results can be obtained onK 
b> painstaking ob5er\ations, repeated several times if necc'^nn 
Theaccuracj ofthemcthoduilKarj direct!' with the care and tune 
spent upon it 

In conclusion, it must be pointed out that the possession of a 
fluoroscope docs not make a roentgenologist Careful preparation 
for this "ork is as essential as it i» in am laboratory branch of 
medicine It is a field of its own "Inch cannot be mastered in a 
fe" weeks Sustained enthusiasm, experience and careful "rrl 
are the essentials of success 
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acfinomjctwsof, 73 
anomalies of, 27 
atavistic 1 ansfioos of, 31 
atrophy of, in leprosj , 73 
senile, 1)2 
lienign tumors, 76 
carcinoma of, 87 

changes in, in phospbonia poison- 
ing, 74 

coccidioidea, 73 
cysts, 81, K 

echinococcus, 74 
fibroma, S3 
fractures of, 40 
mfectiona of. 60 
malignant discnw, SI 
roughening of lovrgins of, !9 
(357) 
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Bone, sarcoma of, 83 I 

spongy^ areas of increased density] 

supernumerary, 31 
syphilis of, CC 
trophic changes lo, JJ2 
tuberculosis of, 02 
tumors of, 75 
SypbPid }B, 71 
Brain, calcifications in, 131 
tumors of, 125 

Bronchial glands, calcification of. 20. 
230 

Bronchiectasis, 240 
Bronchitis, 238 
Bronchopneumonia, 237 
Bronchosteoosis, 254 
Bronchus, foreign body in, 211 
Burs®, calcification of, 187 

C 

Calcification, 10 
m brain, 131 

of abdominal glands. 20, 322 
of artenca, 20, 105 
of bronchial glands, 20, 230 
ofburss, 187 

of callus, foUowmg fracture, 40 
of rervieal glands, 2o 
of costal cartilage, 2o I 

of fibroids, 338 i 

of hematomata, 20, 40 ! 

of larynx, 20 
of in)oeardiurQ, 208 
of o\aries, 333 
of parasites, 20 
of pericardium, 217 
of pmeof gfaiTcu, ISt 
of pleura, 202 
of spleen, 20 
of tendons, 1S7 
of tumors, 21 
nilhm heart, 20S 
ivithiD skull, 131 
Calculi, prostatic, 33S 
renal, 321 
uroferal, 335 
vesical, 33G 

Callus, development and calrificatioD 
of. 40 

Carcinoma, of bone, 87 
of colon, 305 
of esophagus, 272 
of lung, 243 
of rectum, 310 
of skuU, S3, 120 
of spine, 88, 171 
metastafjc, 171 
of stomach, 231 
Cardiospasm, 270 
Canes acca 65. 1S5 
Carpus anomalies of, 29 
di«locatiOL3 of 63 


Carpus, fractures of, 43 
tuberculosis of, C5. 183 
Cartilages of larynx, 20 
Cecum, 301 

tubereulasis of, 302 
I Celrao disease, 295 
Cervical glands, calcification of, 20, 141 
Charcot joint, 167, 182 
Cblotoats, 02, 121 
Cholesteatoma, 121 
Chondrodystrophia fetahs, 102 
ChoDdro'Oetco-dyatToph}, 103 
Chondrosarcomata, 85 
Coecidioais 73 
Colitis, 308 
Collea fracture, 45 
Coloa, anatomical vanalioos of, 303 
atonic, 303 
carcinoma of, 305 
changes in rootili^ of, S04 
diverticula of, 307’^ 
examination of, by baniim enema, 
207. 354 

movements of, 303 

Congenital nboormahties of bladder, 
338 

of verlebr®, 149, 160. 152, 185 
dislocation of lup, 57 
elevation of scspula, 28 
heart disease, 208 
Constipation, SO-i 

Costal cartilage, calcification of, 20 
fracture of, 45 
Craoio<leidcH]>eo8tosis. 29 
CremoslenoBis, 123 
Creeping periostitis, 119 
I Cretinism. 38. 101 
Cjst, cougenifaf, of lung, 22T, 2St 
dentigerous, 142 
dermoid, 10>, 251 
echmococcas, of lung, 250 
in law, 142 
of bone, 74.81,82 
of kidnej, 331 
of mediastinum, 251 
of ureters, 336 


D 

DscTTuns (spjM ventosa), C5 
syphilitis, 05, 72 
Dentigerous ejsts, 142 
Dentition, anomalies of. 139 
course of, 139 
table of (Thoma), 139 
deQuervain's disease, 187 
Dermoid cyst, 251 

of mediastinum, 195 
Diabetes, bone changes in, lid 
Diaphragm, changes m motihty of, 225 
moutlinc of, 224 
in position of. 225 
eventration of, 225 
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Diaptiragm, hernia of, 225 

paradoxical excursion of, 225 
Diaphragms, uaeof, m fluoro«cop},3l6 
Diffuse dilatation of aorta, 220 
osteoporosis, 112 
Discs, inters crtebral, 151 
Dislocations, examination of. before 
and after reduction, 5> 
of carpus, S5 
of elbow , 6o 
of femur, 57 
of hip, congenital, S7 
of sacro-iliac joint, lfi2 
of shoulder, fio 
of spine, IGl 

Diierticula of bladder, 33S 
of colon, 307 
of duodenum, 293 
of esophagus, 270 
of deum, 300 
of stomach, 287 
of ureter, 335 
Duodenum, 290 

carcinoma of 291 
dnerticula or, 293 
spasm of, 29l 
ulcer of. 291 
Dwarfs, 103 
Dj achondroplasia, 83 


Esophagus, xanees of, 270 
Emng 8 tumor, 86 
Exostoses 76 

multiple cnrtihgiDou'i, 77 


FcJiisococccs cj «t of bone 74, 81 
of lung, 250 

Elbow, dislocation of, S5 
fracture of, 40 

Elevation of scapula, congenital, 28 
Einphv**cma of lung 225 
Encepnalogrsph>, 127 i 

Fnchondromata, 77 ! 

Endocrine diwdcrs in relstion to 
epiph>«cal centera, 100 i 

Endothelioma of Ixine, 86 ' 

of pleura, 263 
of skull, 121 

Enema, banuin, 207, 30-1, 354 
rpiphxscs, calcification of, 32 
of 'pine, 149 
separation of, 58 
tucerculosis of, 63 
union of, 33~3S 

rrjthroblastic anemia of skull, 122 
Esophegus, carcino/na of, 272 
conatnetion of, 271 
curling of, 269 

dilated simulating mediastioal 
tumor or effusion, 224 
diverticula of 270 
fistula; of. 270 
normal, 267 

stricture of, benign, 271 
tumors of, 272 
ulcer of. 2liS 


f SLLOPIAN till cs 339 
remur, dislocation of head of, ^7 
Fetus, table of apI^ea^ancc time of 
centers of ossification m, 32 
ribroccllular aarcoma 
Fibroids calcification of, 33S 
( 1 ibroma of hone 83 
1 1 ihro«arconia of mediastinum, 197 
I ilms, defcctiNC. errors due to, 2t> 

I riuoro«cope, 314 

I nuoro«copie room, equipment o ^ 

I technic, 342 

Fluoroscopy, accommodation of c\*-i 
10.346 

< diaphragms, control of in 34i 

examination of chest bv, 350 
of colon b>, 35 1 
of gsstro-mtcstmal tract I 
3o2 

of heart and great see c' 

351 

foreigo bodies localisation < i 
3t5 

obeerxntionoffmcturesby 31" 
Foreign bodies in bronchus, 241 
in stomach, 2% 
localiiafion of, byfluciro''C , 

3 IS 

renjoiTil of under fluornst i 
control 319 
Fracture, Colics 4o 
rotta 19 

fracture*. diagno»is of, 40 

fluoro*eopj in observation of 51" 
lines, epiphyseal mistaken for is 
lines of, identification of, 18 
obliteration of, 40, 4l 
of carpu*, 45 
of costal cartilage, 45 
of elbow, 46 
of lup, 50 
of knee 49 
of patella, 50 
of pelvis, 41 
of nbs, 45 
of shoulder, 47 
of «mgle sesamoids, 31 
of skull. 43.117 
of scaphoid, 45 
Fractures of larsu*, 48 

of tran*\er«e proc(H.«c* of aerte- 
bnr, Ifil 

of aertehm! Ixxhea, ISS 
reduction of, 41 
UQIOO of, 40 
FragiUtaaossiiini, 102 
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Tusion of bones, 31 
of Nerlebrx, 

G 

Gall-clacoer, examination of, 311 I 
Gall-stones, 311 | 

Gangrene of lung, 243 I 

Gastro-entej-ostomy, sJoinaeli afler,] 
2S0 ' 

Casfro-uitc^tinal tract, ersmmafton , 
of, 266. 352 I 

Gaucber's disease. 111 
Genitals, female, 33.S 
male, 333 

Genito unnarj tract, examination of, 
319 

Giant-cell tumors, 78 
of jan, 143 

ClsRd, pi!>sa}, ot, 13) 

prostate caleuli m, 33S 
thymus, enlargement of, 101 
thyroid, intrathoracic, 191, 193 
Glands, abdominal, calcificalion of, 20, 
322 

bronchial, calcification of, 230 
mediaatinal, enlargement of, 191, 
221 

of chest, calcihcstiofl of, 230 
ealorgemeot of, 192 
Gloves, lead, 345 
Gonorrheal arthritis, 181 
Gout. 181 

Graham method of \asuali«ng gall- 
bladder, 312 

Granuloma inguinale of colon, 310 
Gumma, destruction of bone due to, 69 
of septum, 135 
of skull, G9 

H 


Heart, disease of, syphilitic, 213 
salvukr,2ll 
etammiifms el, 197, J99 
Hodges Ej-ster table of heart sire, 
206 

in pencardial effuaiom 215 
mensurements of, Clayton and 
Memll B table of, 201, 205 
myimdeina heart , 215 
normaf, 202 

Palouens representation of, 201 
pulsattona of, 207 
rfteuaiatic valvular di<ea^ of, 21 1 
salxit sliaped, 21 4 
transposition of, 209 
visualmation of chambers of, 2(W 
Heart-block, 215 
{lemophilta, 108, 185 
Uemorrhagea, subdural, 128 
I flip, dislocation of, 57 
I congenital, 57 

I fracture of, 50 
I Iloilgkin’s disease, 245 
Horseshoe kidoe>, 32f> 

' II) drocephalus, 124 
H>'peiiiephroiDa, 90 
of spine, 172 
n)d/ooepbrosis, 326 
Il)'pero8t08is of skull, 1J9 
Hyperparathyroid, 102 
Ilyperpituilansro, 100 
Hypertrophic arthritis, 177 
of spite, 167 

pulmonary osteo-artbropatJiy 105 
pvlonc stenosis, 2^6 
}l}'p0{>anth)7oid, 103 
ilypopiluitansre, 101 
lly'^thyroidism, union of epiphyses in, 
101 


Hair balls m etomach, 28,5 
Half-bodies, extra s-ertebral, 155 
Heart, absence of pulsation in coronary 
occlusion, 207 
aortic shapra, 214 
auricular hbnllation of, 215 
Benben and, 215 
changes In outline of, 207 
in position of, 206 
in shape of. 207 
m size of, 200 
calcification withmn, 208 
defects of septum, 209 ' 

aneurysm of, 214 

disease of, arteriosclerotic, 214 i 
calcification m coronary 
artenes, 214 | 

in heart raJvw and myo- , 
cardium, 207 I 

congenital, 2C^ * I 

hypertensive, 214 ' 

01 infectious origin, 211 i 

rheumatic, 211 ' 


Ileitis, regional, 297 

tuberculosis, 297 
Ileum, 291 

paralysis of. 296 
Ibum, actinomycosis of 73 
Impacted teeth, 141 
Infarcts, calcification of, 23 
pulmonary, 256 
Infe^ious arthntis, 17^ 
Inlestinal obstruction 296 306 
Intramedullary tumors, 174 
IfifiususreptMHi, 302 
Iodids,23 

Iodised ml, use of, 338 


Jar, actinomycosis of, 73 
cysta in, 142 

(^eoroyeiitis, due to phospliorus 
poisoning, 74 
radistioo oecrosis in, 74 
tumors of, 143 
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Jejunum, 2ai 
Joints, arthritis of, 177 
Chareot, JS2 

classification of diseases of, 177 
hemophiLs of, 1S5 
osteochondritis dissecans, 186 
osteochondromatosis of, 186 
Still s €li«ease, 178 
eyphdis of, Ibo 
tuberculosis of, 183 

S 

Kidvet, anoinahe^ of. 32^ 
changes in densitj of, 320 
cjsfs of, 331 
horseshoe, 326 
normal, 319 
pelns, 323 

dilatation of, 320 
stones in, 322 
tumors of, 328 
poKcystic, 331 
pjeli^raph), 323, 324 
pyonephrosis, 327 
solitary ci st of. 332 
stones ID, 321, 322 
tuberculosis of, 323 
tumors of, 32S 
Kienbock 8 disease, 100 
Knee, arthritis of, 177 
gonorrheal. 181 
villous, I7b 
Kohlers disease, 109 
Kummel's disease, 173 


tuwff, Jynipbobb'iioina of, 2r> 
»nassi\e collapse of, 231 
aprinaj, 22o 
|>sittaeo»is of, 252 
radiation, fibrosis in, 25^1 
sarcoid in, 235 
fi>hco«is, 253 
srohilis of, 249 
tuDcrculo«is ol, 230 
miliarj , 235 
tumors of, 243 

metastatic 24l> 

Lymphoblastoma of stomaeli, J'm 
I ymphojua, malignant of lionc 92 
{ of DicdLastinuin IOC 

. of aertebn*. 171 

I jniphograouloma inguinale of < 


310 


M 


I BAD aprons 310 
gloves, 345 
poisoning, 100 
Legg 8 disease, lOS 
J^eootiasis otsca, 11*> 

I,epro8j , 73 
Leukemia, 9.7 
1 igaments of knee joint, injurj to, 177 
Ijoes, epiphyseal, mistaken for fme* 
tures, lb 

Ijmtis plastira, 2S3 
Iipomata, 194 
U\er. 310 

Ixibar pneumonia, 230 
I ues, lOG 

1 ling, abscess of, 239 

accessory lobes in, 227 
actinomycosis of, 252 
atelectasis, 251 
caranoma of, 243 
congenital evsts of, 227, 25! 
dermoid cysts of, 231 
echinococcus cj st of, 250 
foreign bodies id, 2 1 1 
gangrene of, 243 
infarcts of, 254, 25il 


I Madelcso a defonnitN, 

Madura foot, 73 
Malignant limpfioma, 92, 170 
iBiolung rertebra- J71 
, marble bones, 107 

Mane^tnimpel type of arthriii* I *fi 
Massn e collai>«c of lung, 25 4 
Mastoiditis. 139 
Maatoids, 136 
Meckel s dneilicuJuin, 300 
Mediastinal ab<cer^ 221 
glands 191. 221 

I cnlargemcDt of, 101 22t 

I Media<tniitis 221 
I atomical ca«es of 222 

diflerential diagnosis of. 22 > 

, Meilnstinum dermoid cysts of 1 • 

I tumors of, 101. 195 

Melorheo«toai3, 107 
J Metallic salts, 23 
I Metastatic camnoina id l-one t*7 
m lung«, 2J6 

Mihary tul crculcMs of lures 2 1-5 
Mongolian idiola, anomalies of Ikiii 
Id, 31 

Mucocelw, 139 

MuKiple cartilaginous exostowa 77 
Maeloma, 90 

Myocardium, calcificalion of, 2fH 
Myosilis oasifiCftns, 1S9 
Myxoina, S3 

N 

Kers Elesiona, chanRca as.socja(etf with 
113, Iftl 

Neural arch, N9 

fracture of, ICO 

errooeous di*gno.tiA of, 


150 

AeMroWssfoma, 03 
Ncuroribroma, lito 
of skull. 120 

Non-union of fracture, 41 
Nucleus pulposus. 152 
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Objects, tlisfortion of, 15 

Msibilit> of, dependent on differ* 
enee m density, 15 
Odontoma, 143 
Ollier’s disease, 83 
Os calcis, fracture of, 4S 
Osgood-^iifatfera di^ea'e. 111 
Ossification of epipliyses, 3j, 30 

tables of appearance of renters of 
32,33 

Osteitis deformans, ]0> 
of skull, 121 
fibrosa, 35 

Osteo-arthropathy, hipertropbic pul 
monary, 103 
Osfcoeiiondntis, lOS 
dissecans, ISG 
of spine, 172 

Osteoehondrodj-stropliy, 1(J2 
Oiteochondroma, 77 
Osteochondromatosis, 180 
Osteogenesis imperfecta, 102 
Osteogenic sarcoma, 83 
Osteoma, 77 
Osteomalacia, 103 
Osteomyelitis, CO 

caused by actioom)co<ta, 73 
of Jiw. 143 
of skull, 118 
of spine, 1C7 
Osteopoikilosis, 107 
Osteoporosis, 112 
Osteosclerosis, 107 
Otanes, calcrficstion of, 33S 
Osycepnaly, 123 

P 

Facet s disease, 101 
Palmien s metboii of outlimne heart. 
201 

Papillonn of gall bladder. 310 
Parathyroid adenoma, 322 
of renal pelvis, 331 
Patella cubiti, 31 
fracture of, 50 

Patent ductus artenosus, 20S 
urachus, 33S 
Pebns, fracture of, 44 

osteitis deformans of, 105 
Perforatine ulcer of stomach, 284 
Pencardiai effusion, 215 

differential diagnosis m, 216 
Pericarditis, adhesive 210 
Pericardium, calcification of, 217 
Periosteal new-bone formition, 69 
Periostitis, 19, 60 
creeping, 119 
syphilitic, 00 

Peristalsis, gastnc, 276, 2S0 
Perivertebi^ abscess, 103, 107 
Perthes disease, lOS 
Petrositis, 13S 


Phleboliths, 20 

mistaken for urethral calculi, 330 
Phosphorus poisoning, 74 
Hneal gland, calcification of, 131 
Pletira, adhesions of, 25C 
calcification of, 2o2 
endothelioma of, 203 
Heura] exudate, 258 
Pneumonia, 236 
broncho, 237 
lohar. 236 
PDeumonocoDiosis, 253 
Pneumoperitoneum, 310 
Pneumothorax, 201 
Polycystic kidney. 331 
Polypi of colon, 309 
of gastric HSli, 2SC 
of sinuses, 135 
Potl s fracture, 49 

Pregnancy, use of roentgenology in, 339 
Prostate gland, calculi m, 33S 
enlargement of, 338 
P*ittacosn 252 

Pulmonary osteoHirthropathv, lOo 
Pulp stones. 139 
Pyelographx, lotmienoiis, 324 
retrograde 323 

Pylorus, hy]>ertrophic stenosis of, 280 
spa«m of, 281, 290 
Pyonephrosis, 327 
Pyorrhea, 140 

R 

RAOtATtov, effKta of oi er*exposure to 
343 

fibrosis in lung, 254 
necrosis in jaw, 74 
lUjitauda disease, boite chartgea la, 

113 

Rectum. 310 
Renal rickets, 99 
Ribs actinomycosisof, 73 
anomalies of, 27 
fractures of. 45 
Rickets, J>9 

Roentgen ray injunea, 543 
Root cysts « jaw, 142 


Sacrausatiov, partial, 157 
Sacrodtao joints, dislocation of, 102 
osteochrondntis of, 161 
slips. 1C2 

Sahxary calculi, 144 
8arcoid of lung, 235 
~ xuna of bone, 74, S3 
of jaw, 143 
of stomach, 2S6 
osteogenic, 83 
Scaphoid, divided, 2$ 
fracture of, 29 
head, 124 

Scapula, ekiation of, rangesitsl, 27 
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Scleroderma, bone changes if>, tlS 
Sclerosing osteogenic sarcoma, 85 
Scolio«is, 162 
Scurvy, 97 
Sella, 120 

Semilunar bone, dislocation of, V>, 57 
Seminal vesicles, 335 I 

Senile atrophj of bone, 112 i 

Septum, gumma of, 135 I 

Seiimoida, divnded, 31 ' 

Shoulder, canes sicca of, 05, IS.> 
dislocation of, 55 
fracture of, 47 
Silicosis, 253 
Sinuses, 1!^ 

projections necessary for proper 
8tud> of, 133 
Skin fibroma of, 23 
Skull, anomabes of, 27, 124 
calcification vnthin, 131 
carcinoma of, 67 

changes in, due to anemia, 97, 122 
eWoToma of, 92, 121 
endothelioma of, 121 
fracture of, 117 
mimma of, 09 
hydrocepbalus. 124 
hjmerostosis of, 119 
malignancy of. 120 
myeloma of, 90 
osteitis deformans of, 105. 121 
osteomyelitis of, US 
sutures of, 123 
Sraa\\|>o*( m bones, 73 
Solitary cyst of kidney, 332 
Spasm of cardia, 270 
of colon, 303 
of duodenum, 291 
of esophagus, 274 
Spastic constipation, 303 
Spina bifida, 155 
Spinal cord, tumors of, 173 
Spine, acute injunes to supporting soft 
tissues atwut, 158 
arthritis of, 168, 174 I 

articulations of, 153 
congenital abnormality of, 155 
development of, 149 

vanstions in, IW, 155 
discs of, 151 
epiphytes of, 149 
fractures of, 158 

of neural arch, lOO 
of transverse pf«)ce«se« 101 
hypertrophic nrthritis of, 107 
lines of Cleavage in, 159 
lues, 100 

lumbo-sacral, v arintion in, 1 10, 155 
normal, 140 
niicleiis pdpooJ*. 152 
o«{eochondnfis of. 172 
osteomvrlitis of, 107 
spinous prorc«j<cs, 153 


Spine, npondyfohsthesis of, i*,7, jf,2 
syphilis of. 69, 100 
technic of emxaination of, 140 
transverse proce«^ 155 
ful»erc«Jo«isof, C4, 102 
tumors of, 170 
typhoid 7l,16.> 
umlulant fever, Iffi 
variations in, 155 
Spinous processes, 153 
*‘plcen, 311 

SpoodyWirthcsis, 137, 162 
spontaneous fractures, 82, 8S, 01 102 
103, 107 

8prcng#l s deformity, 27 
Sprue, 295 

non tropical, 295 
‘^tcatofThea, 295 
8(ill 8 dieea'C, 178 
Stomach, eamnoma ol, 28J 

diaphragmatic hernia of, 2‘'“ 
diverticula of 287 
examination of, fluorovropc 
353 

foreign bodies in, 285 
gastritis of, 286 
hiatus hernia of 287 
leather-bottle flinitis plastic 
motility of, 280 
penslsf'ts of, 274 
poly pi of, 2*6 

poMoperative (following gx ' 
enterostomy), 289 
rugr of, 274 
•arcoTna of, 2S6 
shape and povition of, 274 
svphilts of, 2S5 
ulcers of, 2S4 

I carcinomatous, 2S1 

Atones la hhtWer, 336 
in gall Madder, 311 
in kidncv, 321 
in prostate, 338 
IQ ureter, ^5 

tincture, l>enign, of e«ophagus, 27 1 
8iilichondral nccro«is lOS 
‘SuMispliraginafie abscess. 226 
8ulidural hemorrhages, 128 
SulwternsJ thiTOtd, 191-191 
8ut«rev of skull, closure of, 123 
8jnovitis, 177 
Syphilis, of bone, 06 
of heart, 213 
of joints, 71, 18-'> 

1 of lung, 218 

of sUlI. f9. IIS 
i offpine, O'!, 16«> 

I of stomach, 2'^i> 

i Syphilitic aortitis 220 
dvtyhtiv, U5 T2 
peno«tiUs, 19, or 119 
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T 

Table of dentition (Thotna), 139 
of ossification centers, 32-^ 
Tabulation of findings In common bone 
lesions for differential disgoosta, 113, 
114 

Tarsal bones, anomalies of, 30 
fractures of, 48 
Teeth, 139 

m dermoid c^sts 23 
Telangiectatic osteogenic sarcoma S.*) 
Tendons, calcification of, 18? 

Tlioracie w all, pathologic processes, 191 
Thymus gland, enlarged, 191 
Thyroid gland, calcification of, 22 
inlrathoracie, 191 
Tibial tubercle, Reparation of. 68 
Transverse processes of \ ertcbrac, 155 
fracture of, 161 

Tngonurn, 30 

Trophic changes in l>one, 1 12 
miliaiy, 235 

Tuberculosis of bone, 02 
of Oecutn, 301 
of lomts, 63, 183 
of ladney, 32S 
of lungs, 230 

of eacro>ihac joints, 06, Id 
of spme, 04, 162 
of ureter, 334 

Tumors, calcification of, 21 
of bladder, 333 
of bone, 75 
benign, 76 
malignant, S3 
of brain, 123 

encephalography tn, 127 

displacement of pmcul 
gland, 126, 131 
of esophagus, 272 
of law, 143 

of lodney, 32S I 

of lung, 243 ' 

of mediastinum, 194, 193 
of pleura, 263 
of sinuses, 135 
of spinal cord, 173 
of spine, 170 
of stomach 281 
Turret head, 123 
Typhoid m bone 71 
spine, 72, 165 


IT 

Ulcer, duodenal, 291 
gsstro-jejunal, 295 
of stomach, 281 

carcinomatous, 281 


Ulcerative, colitis, 30S 
Cfiadu^t (ever, 160 
Unerupted teeth, 139 
Ureteral calculi, 335 

visibility of, 321 
Ureters, 333 

I anomalies of, 334 < 

I cystic, 336 

I examination of, 333 

multiple, stones in, 335 
' tuberculosis of, 331 

Urethra, 333 
Uterus, 339 


VALvoLARdifTerentiated from syphilitic 
disease, 212 
disease of heart, 211 
Vanabiht} in time of appearance of 
ossification centers, 35 
\Anation% analonural, 27 

in time and serjuccce of closure of 
sutures of akull, 123 
ID union of epiphj'ses, 35 
of carpus, 29 
of phalanges, 29 
of nba, 27 
ol scapula. 28 
of skull, 27, 123 
of spine, 150, 155 
I of tarsus, 30 
I Vas deferens, 33S 
I Veins, calcification of, 30 
I V'ertebnr, sctinomjeosjs of, 167 
I extra, 150 

I fractures of, 44 158 

: Vertebral bodies, 150, 155 
' exfre, 150, 155 

i fractures of. 158 

osteoehondropathy of, 167 
I wedge-shaped, 150 

I V'llloua arthritis, 178 
I V'olvulus. 310 

W 

, Warts, 23 
I Wilm a tumor, 329 
! Wnet, anomalies of, 29 
I dislocations of, 55 

I fractures of, 45 


X 

' Xanthosiatosis, 122 


T 

[Yawb, 72 



